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ADVERTISEMENT. 

S  many  who  attend  this  courfe  may  not 
have  made  philofophy  a  previous  Jiudy ,  it 
may  be  fuppofed  that  many  of  its  ufeful  parts  will 
efeape  the  memory ;  ’tis  therefore  at  the  requeft  of 
ihofe  I  have  drawn  up  this  fhort  Analyfis ;  by  a  fhort 
look  at  which  any  particular  proportion  or  experi¬ 
ment  v/ill  eafily  be  recolle£tedv 
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LECTURE  I. 

On  the  general  Properties  of  Matter. 

AN  hundred  and  fifty  years  are  fcarce  elapfed  fince 
the  clouds  of  prejudice,  which  had  long  over- 
fpread  the  world,  began  to  clear  up,  and  men 
'Were  convinced,  by  cultivating  the  fciences  and  attending 
to  nature,  that  no  fanciful  conjectures  could  ever  lead 
them  to  the  true  caufes  of  thofe  various  phenomena  that 
incefiantly,  and  every  where,  meet  the  obferver’s  eye  j 
but  that  the  narrow  limits  of  the  human  underftanding, 
confine  the  courfe  of  our  refearches  to  one  Jingle  path , 
namely,  that  of  experiments  or  the  life  of  our  fenfes.  Yet  in 
this  fhort  period,  natural  philofophy  hath  rifen  to  an  high 
pitch  of  improvement,  and  may  with  truth  be  faid  to  have 
made  much  greater  advances  towards  perfection  iince  the 
experimental  method  W3S  introduced,  than  ill  .the  many 
ages  before.  B  2' 
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Became  many  bodies  are  reducible  to  water 5  this  ele¬ 
ment  has  been  thought,  by  many  able  philofophers,  to 
be  the  primary  origin  of  all  matter ;  and  that  bodies  differ 
only  as  they  contain  more  or  lefs  particles ,  or  pores  diffe¬ 
rently  difpofed.  We  find,  indeed,  the  decompofition  of 
bodies  finite,  being  unable  to  carry  it  beyond  a  certain 
limit ;  if  we  attempt  to  go  further,  we  are  always  fcopt 
by  fubftances  in  which  we  can  produce  no  change ,  which 
are  incapable  of  being  refolved  into  others,  and  which 
ffcand  as  fo  many  firm  harriers  obftrudfing  our  progrefs. 
To  thefe  fubftances  we  affix  therefore,  more  properly,  the 
name  of  principles,  or  firft  elements^  and  they  are  earth% 
air ,  fire ,  and  water. 

The  properties  that  are  common  to  all  thefe  elements 
are,  iff.  Divifibility i.  e.  the  particles  of  each  dement 
are  fo  fin  all  that  they  efeape  the  fcrutiny  of  our  be  ft 
piaffes.  A  candle  will  fill  a  fphere  of  four  miles  in  dia- 
meter  with  particles  of  light  in  a  fecond  of  time.  Two 
ounces,  of  affa  fcetlda,  nicely  weighed,  may  lie  expofed  to 
the  air,  and  have  its  particles  carried  off  by  it  for  a  tort- 
night  together,  and  yet  it  will  not:  lofe  the  thoufandih  part 
of  a  grain  of  its  original  weight.  Eight  grains  of  gold 
will  cover  a  wire  completely  13,000  yards  in  length.  A 
grain  of  copper  diffolved  in  a  jill  of  aquafortis,  will  cover 
as  much  pblifhed  iron  with  a  fine  fkin  of  copper  as  the 
aqua  fortis  will  wet :  Nay,  Lewenhock  difcovered  with 
his  microfcope  more  living  animalculae  in  the  milt  of  one 
cod-fifh,  than  there  are  men,  women,  and  children  on 
the  whole  earth. 

2dly.  The  matter  of  which  thefe  elements  are  formed 
is  impenetrably  hard .  If  we  pound  tne  mo  ft  oiittm  iUu- 
ftance  to  the  molt  impalpable  powder  its  original  particles 
foil  remain  unhurt.  If  water  has  no  bed  of  air  to  fall 
upon,  it  will  fall  upon  the  giafs  in  which  it  is  inclofed 

like 


like  a  piece  of  iron  and  make  a  loud  click  5  a  column  of 
air  failing  on  the  plate  of  an  air-pump  will  give  a  re¬ 
port  as  loud  as  a  gun.  Nay,  elementary  fire,  fubtil  as  it 
Is,  firikes  the  bones,  in  the  eledtric  (hock,  like  a  foiled 
body  $  and  lightning  penetrates  the  hardefi  fubfiances. 
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gdly.  Matter  is  inert,  z.  e,  can  neither  move,  nor  flop, 
of  itfelf.  A  ball  on  the  whirling-table,  neither  begins  to 
move  when  the  table  moves,  nor  ftops  when  the  motion 
of  the  table  is  flopped.  Give  a  hidden  pufh  to  a  bowl  of 
water,  and  the  fluid  will  fly  over  the  bowl  in  a  contrary 
direction ;  but  if  you  turn  fwiftly  round  with  the  bowl  in 
your  hand,  and  ftc-p  fuddenly,  the  water  will  fly  over 
the  bowl  the  way  it  was  going.  The  inertia  increafes  as 
the  quantity  of  matter.  A  man  lying  with  a  large  anvil  on 
his  bread,  will  not  be  hurt  when  a  blackfmith  flnkes  upon 
it  with  a  large  hammer,  with  all  his  Arength  3  but  if  he 
had  an  anvil  only  a  pound  weight  upon  his  breafi,  the 
firfi  firoke  of  the  blackfmith  would  kill  him.  The  vis 
inertia  of  the  large  anvil  makes  its  refi fiance  equal  to 
the  Aroke  of  the  hammer,  fo  that  the  anvil  may  be/aid 
to  Anke  the  hammer  as  forcibly  as  the  hammer  Arikes 
it;  and  hence  the  difficulty  of  putting  large  bodies -in 
motion,  Thefe  are  but  fmall  infiances  of  thofe  three 
laws  of  nature  which  Sir  Ifaac  Newton  found  univerfal, 
viz.  That  matter  is  perfectly  indifferent  to  either  reji  or 
motion .  2dly.  That  bodies  move  in  proportion  to  the  force 
that  adis  on  them .  And  gdly.  That  aftion  and  re-action 
are  equal ,  and  contrary . 


4thly.  Matter  attracts,  -  and  is  attracted ;  i.  e.  All 
parts  of  matter  have  a  tendency  towards  each  other.  A 
plumb  line  on  the  fide  of  a  mountain  is  drawn  out  of  its 
perpendicular  by  the  attraction  of  the  mountain.  Two 
cork  balls,  fwi mining  on  water,  run  together  with  an 

accelerated  motion,  and  flick  together.  Water  riles  above 
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Its  level  again  ft  the  fide  of  the  bowl  which  holds  It;  and 
alfo  in  capillary  or  fmall  tubes  :  And  hence  the  reafon 
why  water  fifes  in  fugar,  fand,  between  glafs  planes,  up 
dpunges,  &c.  for  all  thefe  may  be  conceived  as  made  up 
oof- capillary  tubes.  Two  planes  of  lead,  marble,  glafs, 
iron,  &c.  tlirud  clofe  together,  flick  fo  that  exceffive 
force  alone  can  feparate  them,  5Tis  this  attraction  of 
rohijicn  that  makes  all  bodies  cohere,  or  maintain  any  di- 
iHincl  form  ;  and  as  fome  parts  of  matter  attradl  more 
forcibly  than  others,  iron  comes  to  be  heavier,  and  more 
compact,  than  wood ;  gold  has  more  particles  in  lefs 
room  than  any  other  metal ;  lead  is  different  from  flone, 
Tecaufe  its  particles  attraff  one  another  more  forcibly  ; 
fo  that  all  that  variety  which  we  fee  in  both  mineral, 
animal,  and  vegetable  fubflances,  arifes  from  the  different 
combination  of  the  four  elements,  the  different  degree  of 
attraction  in  the  particles  of  each,  and  in  the  different 
■difpofltion  of  the  pores,  or  interfaces,  that  are  between  the 
particles  of  which  they  are  compofed.  For  the  particles 
of  the  heavieft  and  lighted,  bodies  are  all  of  the  fame 
weight,  as  may  be  proved  by  dropping  a  piece  of  gold, 
end  a  feather,  down  a  tall  glafs  that  has  no  air  in  it  to 
redd  flieir  paffage.  Fire  can  dedroy  this  cohefive  quality  m 
bodies,  for  a  time,  but  makes  no  alteration  in  the  original 
particles  of  bodies.  It  will  infinuate  itfelf  into  gold,  and  fe¬ 
parate  its  particles,  fo  as  to  make  it  into  a  fluid.  Water  and 
air  are  kept  in  a  date  of  fluidity  by  fire.  Fire  increafes  the 
repulfive  qualities  of  all  bodies.  Metals  fwell  with  a  fmall 
-degree  of  heat,  as  may  be  proved  by  the  pyrometer. 
Ad  nature  is  kept  in  motion  by  it ;  even  blocks  and 
flones  fwell  by  the  heat  of  the  day,  and  contract  by  the 
cold  of  the  night.  It  gives  water  fo  repulfive  a  quality 
that  it  flies  off  in  -fleam.  Air  is  fo  fwelled  by  it,  that,  to 
'keep  up  its  equilibrium,  it  is  perpetually  agitated  by 
winds  and  dorms.  _  Fire  is  the  only  ejfential  fluids  and 
the  can fe  of  fluidity  in  other  bodies,  by  feparating  their 
■parts.  However  there  feems  to  be  a  repulfive  quality 

.common 


C  7  ] 

common  through  nature,  independently  of  fire.  rTls 
laid,  cc  where  the  fphere  of  attraction  ends,  repul fioi^ 
Begins.”  The  north  pole  of  a  magnet,  at  one  tenth  of 
an  inch  from  a  fufpended  needle,  attracts  it ;  but  at  five 
tenths  from  it,  it  repels  it.  A  glafs  tube  rubbed  with  w 
dry  hand,  will  alternately  attract  and  repel  feathers,  leaf 
gold,  and  other  light  bodies.  A  fmall  needle  will  lie  on 
the  furface  of  water  by  its  repulfion ;  fiies  run  over  if 
without  wetting  their  feet,  and  a  drop  of  oil  will  be  fuf- 
tained  by  its  repulfion  without  ever  touching  the  furface; 
of  the  water.  The  rays  of  light  are  faid  to  be  repelled 
from  the  furface  of  a  looking- glafs,  &c.  however  I  doubt 
the  univerfality  of  this  principle. 

5thly.  Elective  attraSilon ,  or  the  tendency  which  one' 
part  of  matter  has  to  unite  with  fome  or  other  particular 
part  in  preference  to  every  other  part  of  matter,  forms  the 
grand  bafis  of  Chemiitry.— Thus,  water  rufhes  into  union' 
with  fpirit,  but  not  with  oil. — Acids  have  the  Itrongefl 
affinity  to  phlogiflon  and  alkali.— Air  attracts  water  with 
greater  avidity  than  fait,  fo  that  fresh  water  is  abforbed  by 
it  from  the  furface  of  a  fait  fea,  &c.  Of  the  elective  kind 
of  attraction  alfo  is  that  of  magnetifm,  becaufe  it  only 
attracts  iron,  heel,  and  itfelf ;  fome  hold  magnetifm  and 
eleCtricity  as  relations,  becaufe  flee!  {truck  by  lightning,  or 
aftrong  fhock  of  electricity,  acquires  polarity  and  magnetic 
attraction.  The  loadftone  and  iron  are  called  male  and 
female,  becaufe  of  their  likenefs,  and  attracting  nothing  but 
one  another.  One  Magnus,  a  (hepherd,  firft  difeovered  this 
wonderful  hone  from  its  (ticking  to  the  iron  in  his  fandalsy 
and  from  him  it  had  its  name  :  Its  attraction  is  at  two 
points,  called  its  poles,  and  if  the  (tone  was  broke  into 
a  thoufand  pieces,  each  piece  would  have  its  attracting 
poles:  This  attraction  is  (trongeft  in  contact,  and  di mi¬ 
ni  hes  by  a  proportion  not  yet  found  out,  but  that  point 
©f  a  Hone  which  attracts  one  end  of  a  touched  needle, 
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will  repel  the  other,,  Flavius  Gio3  of  Naples,  about  35-0 
years  ago,  foil  difcovered  that  a  piece  of  fteel  rubbed 
on  it,  and  then  fufpended,  had  the  property  of  pointing 
north  and  fouth,  and  thence  applied  it  to  navigation^ 
An  hundred  years  after  it  was  found  by  Sebaftion  Cabot 
to  have  varied  above  1 1  degrees  eaft*  It  continued  to 
vary  towards  the  eaft  at  the  rate  of  about  one  degree  dm 
(even  years,  till  the  needle  formed  an  angle  with  the 
meridian  of  30  degrees.  It  then  returned  towards  the 
weft  at  the  fame  rate,  fo  that  about  the  year  1600 
the  line  of  no  variation  pafted  over  England,  the  needle 
pointing  then  directly  north  and  fouth.  Since  that  time 
it  has  continued  varying  towards  the  weft,  and  with  us  at 
this  time  the  needle  is  22  degrees  48  minutes  weft.  It 
is  probable  it  will  continue  to  vary  weftward  till  it  makes 
an  angle  with  the  meridian  of  30  degrees,  (as  it  did  at 
its  eaftern  extremity)  and  then  return  weftward,  finifhing 
its  revolution  in  between  900  and  1000  years.  A  line  of 
no  variation  at  prefent  paffes  foutbward  near  Madagafcars 
doubles  the  Cape  of  Good  Hope,  Hopes  acrofs  the  At¬ 
lantic,  touching  Brazil,,  and  Terpentine  paftes  through 
•Canada, 

The  theory  of  making  artificial  magnets  Is  derived 
from  an  effluvium  fuppofed  to  flow  from  one  pole  of  the 
magnet  to  the  other,  and  vice  verfia-^Xho.  exiftence  of 
which  is  made  very  probable,  by  fteel  filings  fc-attered 
over  a  plate  of  window  glals,  with  a  bar  magnet  under  It, 
when  the  effluvium  in  its  p adage  from  one  pole  to  the 
other  influences  the  filings  into  many  parallel  and  beau¬ 
tiful  curves.  Two  pieces  of  fteel,  fipring  temper ,  made  in 
lhape  of  horfe-fhoes,  and  their  ends  put  together  ;  if 
then  two  bar  magnets  juft  feparated  and  of  opponte  poles., 
or  an  borfie-fiooe  or  natural  magnet  be  rubbed  over  them 
all  the  fame  way,  polarity  and  attraction  will  be  com* 
municate-d  fo  the  fteel  5  but  if  the  two  pieces  be  put  toge~' 
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tKer,  and  the  two  repelling  ones  together,  they  attract 
ftrongly:  And  hence  feveral  bars  thus  united  form  a 
very  ftrong  magnet, — Hang  a  piece  of  iron  as  a  conductor 
between  the  two  poles,  and  the  magnet  will  long  retain 
its  virtue,  particularly  if  it  hangs  fo  as  it  can  turn  north 
and  fouth. — Lay  four  fmall  bars  of  heel  touching  one 
another  in  a  line,  lengthwife  $  Aide  one  pole  of  a  magnet 
from  the  right  hand  to  the  left  over  them  feveral  times, 
and  they  will  be  good  magnets  :  But  if  then  you  Aide 
the  fame  pole  over  them  from  the  left  hand  to  the  right, 
the  magnetic  virtue  will  be  entirely  taken  from  them. 
Fire  and  ruji  deftroy  the  power  of  thefe  magnets,  and 
time  will  weaken  them,  if  a  conductor  of  iron  or  fteel 
do  not  form  a  magnetic  circuit  for  the  effluvium  to  pafs 
through.  To  recal  the  decreafed  virtue  of  a  magnet,  hang 
a  large  /and  bag  to  the  iron  adhering  to  it,  and  keep  every 
day  increafing  the  fand.— To  give  the  virtue  to  a  knife , 
draw  it  over  either  pole  from  hilt  to  point  feveral  times* 

By  fire,  is  underftood  a  complex  idea  of  fomething  red* 
fiining ,  that  excites  the  fenfation  of  heat ,  and  rarefies  or 
expands  all  known  bodies .  It  is  the  moft  powerful  agent 
in  the  decompofition  of  bodies.  It  is  the  only  ejfential 
fluid  in  nature,  and  the  eaufe  of  fluidity  in  other  bodies* 
by  feparating  their  parts ;  hence  even  air  itfelf  becomes 
folid  when  deprived  of  the  lire  it  contains,  as  bodies  of 
the  moft  difficult  fufion  become  fluid  when  penetrated 
by  a  fufficient  quantity  of  the  particles  of  fire.  All 
bodies  become  hot  by  the  approach  of  ignited  bodies* 
and  by  fridtion  ;  but  bodies  that  contain  a  fufficient 
quantity  of  phlogifton,  orly,  are  capable  of  inflamma¬ 
tion.  Phlogifton  is  not  fire,  but  the  principal  of  in¬ 
flammability  ;  z.  e .  when  it  is  combined  with  various 
fubftances  in  due  proportion,  it  renders  them  inflamma¬ 
ble.  Phlogifton  may  be  feparated  from  one  body,  and 
given  to  another;  hence  an  inflammable  body  may  be 
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deprived  of  its  inflammability,  and  a  body  naturally 
not  inflammable,  may  be  rendered  fo  by  combining  it 
with  a  fufficient  quantity  of  phlogifton.  When  expel¬ 
led  from  bodies  it  is  not  annihilated— it  only  efcapes 
from  the  burning  body  into  air,  which  gives  proof  of 
its  having  acquired  it,  and  is  then  faid  to  be  phlogijli - 
cated ;  and  hence  no  inflammation  will  take  place  but 
in  the  common  air.  Combuftion  ceafes  when  the  air 
furrounding  the  burning  body  is  filled  with  phlogifton— 
hence  a  fire  is  put  out  by  blowing  phiogifticated  air  into  it 
--but  enlivened  by  a  current  of  frefh  air.  All  bodies 
contain  more  or  lefs  of  this  wonderful  principle— - 
for  all  bodies  grow  hot  by  violent  fridtion  ;  fridtion. 
may  be  therefore  faid  to  be  a  kind  of  fire-pump ,  that 
draws  latent  fire  from  the  adjoining  bodies  to  the  place 
where  the  fridtion  is  going  on,  and  ftrongly  indicates 
that  phlogifton  may  lie  in  a  concrete  form  in,  and  be 
a  conftituent  part  of  all  bodies  y  nay,  Btrgman  fays, 
100  ounces  of  charcoal  contains  99  ounces  of  phlogifton, 
and  but  one  of  earth  \  and  yet  he  affirms  that  phlogU 
fton  is  the  caufe  of  volatility,  as  metals  deprived  of 
their  phlogifton  are  heavier  as  a  calcs  than  as  a  metal  % 
inflammable  air  is  eight  or  ten  times  lighter  than  com¬ 
mon  air,  &c.  So  little  do  we  know  of  firer  that  any 
attempt  at  a  theory  of  it  muft  appear  prefumptuous  and 
premature  ;  we  find  however  that  light  y  heat ,  and  elec¬ 
tric  fluid  have  fo  many  qualities  in  common  with ' phis- 
gijlon ,  that  hereafter  it  may  probably  be  found  they  are 
all  but  modifications  of  the  fame  principle.  Rubbing, 
or  friction,  in  all  bodies  produce  heat  and  electricity^  and- 
'both  thefe  dilate  bodies,  help  vegetation,  germination, 
evaporation,  motion  of  the  blood,  the  growth  of  the  fetus3S 
and  the  hatching  of  eggs.  Heat  and  electricity  both  re¬ 
duce,  and  melt  metals  ;  and  bodies  that  receive  heat  with 
difficulty  receive  electricity fkc.  May  not  the  rays  of 
the  fun  be  diluted  phlogifton  ?  May  not  the  velocity  with 
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which  they  proceed  from  the  fun  prevent  their  abforption 
by  the  air,  in  their  paffage  through  it  t  and  as  all  bodies 
have  more  or  lefs  affinity  to  phlogifton,  may  not  this 
•diluted  phlogifton  be  abforbed  by  various  bodies,  and  lie  . 
in  a  concrete  form  in  them  till  called  forth  from  them 
by  fridtion  or  combuftion  ?  Experiments  that  favour 
this  hypothelis  are,  ift.  Kays  collected  in  the  focus  of  a 
burning  glafs,  produce  on  opaque  bodies  the  moft  intenfe 
heat  that  is  producible  by  the  art  of  man.  2d.  Living 
vegetables  imbibe  phlogifton  (as, nutrition)  from  the  air, 
and  part  with  it  back  again  into  the  air  in  the  act  of  com- 
buftion,  boiling,  or  putrefaction  ;  (for  rotten  wood,  pu¬ 
trid  fifh,  ignis  fatui ;  indeed  all  animal  and  vegetable 
fubftances  are  luminous  while  decompounding  by  putre¬ 
faction) — which  is  but  parting  with  the  inflammable  prin¬ 
ciple  that  was  a  conftituent  part  of  thefe  bodies  while  in 
health.  3d.  Bodies  in  the  adt  of  delivering  phlogifton  to 
-the  air,  or  any  other  affinitive  menftruum  are  univerfally 
hot  \ — -hence  the  heat  of  a  common  fire,  where  phlogifton 
is  transferring  from  the  coals  to  the  air,  inflamed  gun¬ 
powder,  &c. — -The  heat  of  effervefcent  mixtures,  fucdi  as 
diluted  vitriolic  acid,  and  iron  hling-s  : — Copper  and  di¬ 
luted  nitrous  acid  Iron  filings,  water,  and  fulphur - 
Air  carrying  off  phlogifton  from  the  lungs  in  the  adi  of 
refpiration,  and  thereby  producing  animal  heat :  Pyrites 
and  water  producing  the  heat  of. the  bathwaters,  &c. 
which  is  but  the  water  feizing  the  vitriolic  acid,  and 
thereby  expelling  the  phlogifton  of  the  acid  into  the  air, 
rfor  a  mixture  of  vitriolic  acid  and  water  always  produce 
an  intenfe  heat  : — The  production  of  fire  by  the  efcape 
of  phlogifton  from  phofphorus,  pyrophorus,  &c.  when 
expofed  to  the  air  is  another  inftance and  the  aftonifh- 
ing  flame  ariftng  from  oil  of  turpentine  when  a  mixture  of 
vitriolic  and  nitrous  acid  is  poured  upon  it,  alarms,  while 
it  proves,  that  air  is  the  natural  menftruum  of  phlogifton, 
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and  that  inflammation  will  not  take  place  except  in 
common  air.  4th.  A  fire-brand  expofed  in  dephlogifti- 
cated  air  blazes  out  with  a  vivid  flame,  while  the  air 
feizes  its  phlogifton.  5th.  Metals  calcine  but  partially 
in  fmall  quantities  of  confined  air,  that  air  is  fo  foon 
faturated  with  phlogifton -a  current  of  air  muft  pafs 
over  melting  metals  or  they  will  not  calcine  Air  fo 
expofed  becomes  phlogifticated  and  dimini fhed.  6th. 
Metals  reduced  to  a  calcs  by  calcination,  or  by  a  folution 
in  acids,  part~with  their  phlogifton  during  the  procefs  y 
and  a  calcs  expofed  in  inflammable  air,  and  heated  by  the 
focus  of  a  burning  lens,  imbibes  or  fwallows  up  the  in¬ 
flammable  air,  and  revives  into  a  perfect  metal  !— This 
extraordinary  fadt  (hews,  that  metals  may  as  it  were  be 
taken  in  pieces  and  put  together  again — for  if  the  phlo¬ 
gifton  that  flies  off  from  a  calcining  metal  could  be  pre- 
ferved,  and  the  calcs  of  that  metal  be  heated  in  it,  the 
calcs  would  feize  the  phlogifton  it  had  loft,  and  become 
the  very  fame  metal  it  w’as  before  the  procefs.  Hence 
we  have  reafon  to  believe  that  inflammable  air  is  the  true 
elementary  phlogifton ,  and  that  it  is  this  gas  in  a  concrete 
ftate  in  coals,  candles,  wood,  metals,  &c.  that  makes 
them  inflammable.  Phlogifton  in  an  active  ftate  produces 
/^..-approaching  to  a  latent  ftate,  cold.  Hence  the 
evaporation  of  volatile  fpirits  ;  the  mixture  of  fait  and 
fnow---and  fnow  and  fpirit  of  nitre,  ferve  to  concentrate 
or  deaden  the  adfion  of  phlogifton, —•'■and  by  thefe  mix¬ 
tures  in  cold  weather  and  cold  climates,  quickfilver  has 
been  frozen  into  a  folid  metal. 
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L  E  C  T  U  R  E  II. 

MECHANICS. 

THE  attraction  of  gravitation  is  the  weight  of  bodies, 
or  that  tendency  which  matter  has  towards  the 
centre :  By  this  power  the  earth  is  formed  into  a  denfe 
ball,  and  every  thing  that  lives  upon  it  held  faft  to 
its  furface.  A  body  left  to  the  power  of  this  agent  falls 
about  a  rood  in  the  firft  fecond  of  time  ;  three  roods  in 
the  fecond  fecond  ;  five  in  the  third ;  feven  in  the  fourth, 
&c.  agreeably  to  the  odd  numbers  i,  3,  5,  7,  9,  1 1,  13, 
&c.  For  the  vis  inertia  of  the  falling  body,  added  to  the 
power  of  gravity  in  every  fucceeding  fecond,  accelerates  it, 
as  the  fquares  of  the  times.  Thus, — at  the  end  of  the 
4th  fecond  the  body  has  fallen  about  16  roods,— -at  the 
end  of  the  6th  fecond  it  has  defcended  36  roods,  &c. 
This  is  proved  by  a  projected  ball  falling  from  an  horizon¬ 
tal  line  one  inch  in  the  fame  time  in  which  it  falls  3,  5,  7, 
&c.  inches  in  the  fucceeding  times  ;  and  by  the  fufpenfion 
of  unequal  weights  over  a  pulley.  Hence  wd  find  this 
power  of  gravity  decreafes  as  the  fquares  of  the  diftances 
increafe,  (i.e.  a  ball,  which  weighs  91b.  on  the  earth’s 
furface,  would  weigh  only  1  lb.  at  three  femi-diameters 
of  the  earth  above  it.)  For  it  is  found  that  the  moon 
falls  from  a  tangent  to  her  orbit  in  this  proportion ; 
fhewing  that  fhe  is  actuated  by  the  fame  law  that  makes 
a  pebble  defcribe  a  curve  when  it  is  thrown  from  a  fling. 
For  that  pebble,  if  it  was  projected  with  proper  force, 
and  had  a  vacuum  to  move  through,  as  the  moon  has, 
would  go  round  the  earth  for  ever  as  file  does, 

Motion  is  rectilineal ;  /.  e .  all  bodies  put  in  motion  by 
me  force,  endeavour  to  go  off  in  a  ftraight  line,  Hence, 

if 


if  a  coach  in  fwift  motion  be  turned  fuddenly,  it  overfed 
by  endeavouring  to  go  off  ftraight :  But  if  a  body  be  im¬ 
pelled  by  two  forces,  in  oblique  diredfions,  it  will  obey 
neither,  but  go  the  diagonal  of  the  fquare.  Hence  a 
ball  dropt  from  the  mail  head  of  a  (hip,  under  fwift  fail, 
falls  on  the  deck  as  if  the  (hip  was  at  anchors  And  a  ball 
ihot  horizontally  from  a  tall  .tower,  obeys  neither  the 
powder  nor  its  own  weight,  but  comes  to  the  ground 
In  a  curve  formed  of  the  two*  We  fhall  in  due  time  fee 
that  the  planets  move  by  this  wonderful  law. 


1‘he  momentum  of  a  failing  body  is  as  the  fquare  root  of 
’its  height .  Ex.  Hang  a  pound  weight  on  one  end  of  a 
fcale-beam,  and  if  at  the  other  end  you  let  fall  a  certain 
weight  from  the  height  of  one  foot,  it  will  juft  lift,  or 
cant  the  pound  up  :  But  if  you  let  the  fame  weight  fall 
•four  feet,  on  one  end  of  the  fcale-beam,  it  will  cant  up 
.two  pounds  weight  hung  at  the  other.  If  it  falls  nine 
feet,  it  will  lift  up  three  pounds  weight  at  the  other,  &c» 

Fluids  fpout  by  the  fame  law.  A  pipe  of  the  fame 
bore  as  another,  but  four  times  as  far  below  the  furface 
of  the  water  in  a  dftern,  difcharges  twice  as  much  as  the 
tipper  one  ;  if  it  be  fixteen  times  as  far  beneath  the  fur- 
face,  it  will  difcharge  four  times  as  much  as  the  upper 
one,  &c.  For  the  velocity  with  which  a  fluid  fpouts, 
at  any  depth  belowT  the  furface,  is  equal  to  that  which  a 
body  let  fall  that  height  would  acquire. 


The  momentum ,  or  force,  of  a  body,  arifes  from  its 
quantity  of  matter  being  multiplied  into  the  velocity  with 
which  it  moves  :  Thus,  if  a  battering  ram  be  iooolb. 
weight,  and  the  velocity  with  which  it  ftrikes  a  wall  be 
20,  then  is  its  momentum  20,000  :  But  a  cannon  ball 
fhall  do  the  fame  execution,  if  its  quantity  of  matter  be 
no  more  than  xolb,  provided  it  be  thrown  with  a  velocity 
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£quaf  to  2000,  for  10x2000—20,000,  fo  that  the  momentum' 
of  both  are  equal.  This  may  eafily  be  proved,  by  laying 
2 lb.  weight  upon  a  fpring ;  if  it  throws  it  one  yard,  it 
will  throw  1  lb.  two  yards  :  And  8  lb.  will  be  counter- 
poifed  by  41b.  if  it  be  hung  on  a  balance  at  twice  the 
diftance  from  the  fulcrum.  Hence  the  force,  or  power, 
of  any  machine,  whether  limple  or  compound,  is  ealily 
computed  ;  for  when  two  bodies  are  fufpended  upon  any 
machine,  fo  as  to  a£t  againft  one  another,  if  the  perpen¬ 
dicular  afcent  of  one  body,  be  to  the  perpendicular  defcent 
©f  the  other  in  the  inverfe  ratio  of  their  weights,  they  will 
balance  one  another ;  and  therefore  fo  much  quicker  as 
the  power  moves  than  the  weight,  fo  much  is  the  advan¬ 
tage  gained  by  the  machine,  and  gives  this  mechanical 
anxiom,  cc  That  what  is  gained  in  power,  by  any  ma- 
<sc  chine,  is  loft  in  time  of  working  it,”  Sir  Ifiaac  New* 
ion's. 

All  kinds  of  mechanical  engines  confift,  more  or  lefs^ 
of  thefe  fix  powers ,  viz.  the  lever ,  the  wheel  and  axle , 
the  fiyflem  of  pullles ,  the  inclined  plane,  the  wedge ,  and  the 

ficrew . 

f 

The  lever  is  a  bar  of  wood,  or  metal,  turning  upon 
a  prop,  or  centre,  (commonly  called  the  fulcrum)  and  is 
ufed  either  to  raife  weights  or  overcome  refiftances* 
There  are  three  kinds  of  levers,  and  in  each  of  them,  the 
velocity  of  each  point  is  directly  as  its  diftance  from  the 
prop.  When  this  prop  is  between  the  weight  and  the 
power ,  ’tis  called  a  lever  of  the  firjl  kind ;  and  fo'much 
as  the  power  is  further  from  the  prop  than  the  weight, 
fo  much  is  the  advantage  gained  by  the  power  over  the 
weight.  Iron  crows ,  ficijfiars ,  pincers ,  rudders  ofi Jhips, 
are  levers  ofi  the  fir/l  kind .  A  lever  ofi  the  fiecond  kind,  is 
when  the  weighty  or  reft  fiance,  is  between  the  prop  and 
the  power ,  as  in  doors  turning  on  hinges,  knives  that 

turp 


turn  on  a  centre  at  the  point,  oars,  &c,  A  lever  of  the 
third  kind ,  is  when  the  poiver  is  applied  between  the 
weight  and  the  prop^  as  in  rearing  a  ladder  againft  the 
wall ;  moving  our  legs  and  arms  by  the  power  of  the 
mufcles^  &c.  The  bended  lever  differs  in  nothing  from 
one  of  the  firjl  kind ,  but  in  form,  his  like  a  hammer 
drawing  a  nail.  In  each  of  thefe  levers,  fo  much  as  the 
poiver  moves  farther,  or  fhorter  than  the  weight,  fo  is 
the  advantage,  or  difadvantage,  of  each.  The  power 
of  a  compound  lever  is  found  by  multiplying  the  power  of 
each  into  one  another. 

In  the  wheel  and  axley  the  advantage  of  the  wheel  over 
the  axle ,  is  as  their  diameters,  i.  e.  if  the  wheel  be  four 
times  as  large  as  the  axle ,  a  man  may  lift  four  times  as 
much  by  it,  as  by  his  own  ftrength,  allowing  for  friction. 
This  power  is  the  principal  part  of  a  common  crane. 

Upper  pullies  that  are  fixed,  only  ferve  to  change  the 
direction  of  the  power,  and  give  no  mechanical  advan¬ 
tage  thereto :  But  the  under  block  of  pullies,  moving 
with  the  weight,  give  an  advantage  proportionate  to  the 
number  of  ropes,  by  which  the  weight  is  fuftained  ;  and 
which  may  be  eftimated  alfo  by.  fo  much  ^as  the  power 
moves  fafter  than  the  weight.  A  running  pulley  doubles 
whatever  advantage  was  gained  by  the  other  parts  of  a 
machine  before  it  was  applied,  always  allowing  for  fric» 
tion,  which  in  pullies  is  very  great. 

The  wedge  feparates  heavy,  or  cohering  bodies,  with 
a  force  proportioned,  as  the  thicknefs  of  its  back  is  to  the 
length  >  i.  e.  if  its  back  be  one  foot,  and  the  length  twelve 
feet ;  then  may  the  momentum  of  the  broke  which  moves 
the  wedge  be  one  twelfth  only  of  the  weight*  or  coher¬ 
ing  force,  of  the  parts  to  be  feparated. 
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The  inclined  plane  is  half  a  wedge,  and  therefore  its 
power  is,  as  its  length  is  to  its  height  ;  i.  e.  I  fhall  roll 
a  cylinder  up  an  inclined  road  of  twenty  yards  in  length, 
and  but  one  yard  perpendicular  height,  with  one  twentieth 
part  of  the  force  that  would  be  neceffary  to  lift  it  perpen¬ 
dicularly  that  yard. 

The  fcrew  may  be  confidered  as  an  inclined  plane 
wrapt  round  a  cylinder  ;  therefore  as  the  power  moves 
round  the  cylinder;  while  the  weight  rifes,  the  power  has 
an  advantage  over  the  weight,  as  the  length  of  one  thread 
round  the  cylinder,  is  to  the  distance  of  one  thread  front 
another  ;  or  as  the  velocity  of  the  power  is  to  the  velo¬ 
city  of  the  weighti 

In  a  common  jack  We  have  all  thefe  powers  together,  if 
to  an  arm  of  the  fly  the  power  be  applied  ;  and  fo  far  as 
that  power  moves  farther  than  the  weight,  fo  much  is  the 
advantage  which  the  power  has  over  the  weight. 

If  machines  could  be  made  to  move  without  friction, 
the  lead  degree  of  power  added  to  that  which  balances  the 
weight  would  be  fufficient  to  raife  it  :  But  as  the  fmooth- 
eft  bodies  are  full  of  pores,  and  little  eminences,  thefe  will 
lock  into  one  another  in  rubbing  bodies,  and  greatly  re¬ 
tard  the  motion  of  a  machine.  The  fridtion  in  the  lever* 
and  in  the  wheel  and  axle*  is  very  fmall  :  In  pullies  it  is 
very  confiderable  :  But  in  the  inclined  plane ,  the  wedge , 
and  th e  fcrew*  it  is  very  great.  The  allowance  made  for 
friction  in  machines  confiding  of  feveral  of  the  mechanic 
powers,  is  ufually  one  third ;  i.  e.  after  calculating  all  the 
fmgle  powers  as  above,  and  multiplying  thefe  into  one 
another,  from  the  1  aft  product  I  deduct  one  third  of  it, 
and  the  remainder  is  the  true  momentum  or  force  of  the 
machine.  Friction  is  of  two  kinds:  The  rubbing  ftic- 
tion}  and  the  friftion  by  contacl  j  the  rubbing  of  the  locked 

D  wheel 


.  r  is  j 

wheel  of  a  coach  again  ft  the  road  may  reprefent  the  fir/}  p  . 
and  the  manner  of  its  touching  the  road  in  its  ufual  mo¬ 
tion  the  feumd,  W  henr  the  fir/l  kind  of  friction  can  be 
reduced  to  the fiecond ,  there  is  a  manifeft  advantage  given 
to  the  power  of  the  machine,  as  is  demonftrated  by  the 
experiments  with  the  friction  wheels.  Thefe  wheels  are 
hung  fo  that  their  peripheries  form  an  angle,,  in  which 
the  gudgeon  of  the  heavy  wheel  turns.  Water  wheels 
large  grinding  Jlvncs,  and  even  wheel  carriages,  are  hung 
in  this  way  at  a  fmail  expence  ;  hut  being  apt  to  wcaf* 
out  very  faff,  they  are  better  fitted  to  fmail  weights,  mov¬ 
ing  with  great  velocity.  And  hence  the  friction  balls 
in  wheel  carriages,  cranes,  &c.  become  foon  ufelefs,  A 
narrow  rubbing  furface  has  much  the  advantage  over  a: 
broad  one,  though  they  each  fuftain  the  fame  weight, 
becaufe-  of  fewer  points  and  pores  being  in  contact; 
hence  the  fmaller  the  gudgeon  or  axle  of  a  wheel  the 
better,  if  it  has  but  ftrength  to  fupport  the  weight. 
The  friction*  in  water  that  carries  an  under-fhot  mill,  is 
much  taken  off  by  a  Hoping  pedal  ;  the  velocity  of  the 
float-boards  of  the  wheel  ought  to  be  one  third  of  the 
velocity  of  the  water  ;  the*  number  of  (laves  in  the  trun¬ 
dle,  ought  to  be  no  even  part  of  tile  number  c&  coggs  in 
the  wheel  that  turns  it ;  and  the  grinding  (lone  ftiould* 
not  make  above  60  revolutions  in  a  minute. 

Befides  the  mechanic  powers,  and  -.various*  i'nft  rumen  ts  to: 
explain  friction,  momentum,  falling  bodies,  &c.  the  ma¬ 
chines  ufed  to  illuflrate  this  lecture  are,  iff,  A  moveable 
crane.  2d.  A  mill  to  faw  marble.  3d.  Ditto  to  faw 
timber.  4th,  A  common  pile-driver.  5th.  Voulou's 
pile-driver.  6th.  The  equable  moving  wind-mill,  that 
cloaths,  uncloaths,  and  turns  itfeif  to  the  wind.  7th. 
Drill-ploughs.  8th.  Ventilators.  9th.  Wheel  carriages, 
loth.  Methods  ufed  in  moving  the  great  Hone  on  which 
the  flatus  of  Peter  the  Great  is  erected  in  Peter fburg. 

nth. 
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S  i  tli.  A  compleat  fortification.  12th.  Boulton,  Blakey, 
Smeaton’s  and  the  common  fire  or  fleam  engines.  13th, 
Water  engines  of  all  denominations,  viz.  common 
pumps,  forcing  pumps,  rope  pump,  Archimedes’s  fcrew 
pump ;  bucket  engines,  machines  for  draining,  embank- 
he. 


LECTURE  Ilf. 
PRINCIPLES  of  CHEMISTRY ; 

ALL  bodies  exifling  on  the  earth  may  be  arranged 
^  ^  under  three  heads,  viz.  the  animal,  vegetable ,  and 
mineral  kingdoms.  The  firfl  comprehends  all  bodies 
endowed  with  life  and  felf- motion.  The  fecond,  thofe 
which  have  life  only,  the  power  of  growing,  and  propa¬ 
gating  their  fpecies.  The  third,  all  bodies  deftitute  of 
life  and  felf-motion.  Bodies  are  alfo  confidered  as  funpU 
or  compound.— -Simple  bodies  are  fuch  as  cannot  be  re- 
folved  into  any  thing  more  fimple,  fuch  as  pure  earth, 
pure  water,  he.  Compound  bodies  conlifl  of  two  or 
more  of  the  primary  elements,  fuch  as  an  animal  body , 
for  earthy  particles  and  various  fluids  form  its  competi¬ 
tion.  That  branch  of  philofophy  which  examines  the 
properties  of  thefe  bodies,  by  compounding  or  decom¬ 
pounding  them,  is  called  chemistry. — A  branch  fo 
extenlive  and  important,  that  the  fuflenance  of  life — - 
the  arts  and  fciences— various  manufactories — nay,  even 
trade  and  commerce  depend  upon  a  continual  compojltlon 
and  decompofition  oi  natural  bodies. 

SOLUTION  is  a  property  of  fluids ,  whereby  they  im¬ 
bibe  (or  incorporate  themfelves  with)  folids ,  by  leparating 
their  parts.— The  fea  is  a  folution  of  fait  in  frefh  water.  Ink 
is  a  folution  of  vitriol  and  galls  in  water.  Diluted  nitrous 
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acid  diiTolves  copper ;  when  the  ebullition  is  over,  the 
liquor  will  be  a  folution  of  copper.  Diluted  vitriolic  acid 
in  like  manner  gives  a  folution  of  iron.  Quicklilver  dif- 
folves  lead,  tin,  Szc.  Gold  difTolved  in  aqua  regia  is  a 
folution  of  gold,  &c.  and  camphor  in  like  manner  is  dif- 
folved  in  fpirit  of  wine,  &c. — Solutions  in  water,  fpirits, 
acids,  air,  &c.  are  tranfparent— but  mixtures  are  muddy 
or  opaque. 

D I S  F I L  L  A  T I O  N  is  the  application  of  heat  to  fepa- 
rate  fluid  and  volatile  parts  from  bodies  ;  and  to  collect  them 
in  other  veflels  by  means  of  cold.  Heat  expands  all  bodies, 
and  puts  their  particles  into  a  repul  five  date  ;  when  this 
application  becomes  more  powerful  than  the  coheflon  of 
the  body,  a  decompofition  takes  place.  Sea  water  put 
in  a  retort,  and  expofed  to  the  Are,  the  water  foon  rifes 
in  the  character  of  fleam— this  fleam  palling  through  a 
cold  pipe  is  condenfed,  and  brought  back,  again  into 
water,  but  frefh,  and  the  falts  being  lefs  volatile,  remain 

at  the  bottom  of  the  retort.  Liquors  that  have  gone 
through  a  ftate  of  vinous  fermentation,  are  difpofed  to 
part  with  fpirit-— and  fpirit  riling  in  fleam  with  lefs  de¬ 
gree  of  heat  than  water,  a  reparation  of  the  two  is  eafily 
effected  in  a  ftill,  by  tempering  the  fire,— hence  the 
fleam  of  the  fpirit  palling  through  a  long  fpiral  pipe 
(immerfed  in  cold  water)  is  condenfed  : — when  the  fpirit 
is  all  come  over,  the  water  begins  to  rife  in  fleam,  and 
may  be  received  in  a  feparate  veflel — the  earthy  and 
and  colouring  particles  of  the  wine  will  at  Iaft  be  found 
dry  at  the  bottom  of  the  ftill. 

..  1  .  . 

SUBLIMATION  is  but  a  diftillation  of  dry  fub  fian¬ 
ces.  Sulphur  expofed  in  a  fubliming  veflel,  is  melted  with  a 
very  gentle  heat,  and  rifes  in  fleam,  forming  flowers  of  fuL 
phur  on  the  Tides  and  top  of  the  veflel,  and  is  but  the 
fame  fulphur  that  was  melted.  Gum  benzoin  melted  within 

a  tail 
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a  tall  receiver,  with  a  fprig  of  rofemary  in  it,  rifes  and 
forms  an  hoar-froft  appearance  on  the  leaves  of  the 
rofemary. — Pbofphorus  juft  covered  with  water,  in  a  Flo¬ 
rence  fiafk  expofed  over  a  lamp,  fublimes  into  the  appear¬ 
ances  of  flars,  and  the  aurora  borealis.  It  rifes  with 
the  fteam  of  the  water,  and  ftruggling  to  obtain  the  air, 
its  menfiruum  forms  beautiful  corufcarions  in  the  fiafk, 
particularly  when  feparated  from  file  lamp,  and  expofed 
in  the  dark. 

P  R  E  C I P I T  A  7'  I O  N  is  performed  in  fluid  matters 
only---it  is  a  difuniting  of  two  or  more  ingredients  by  the 
addition  of  another,  which  by  its  greater  affinity,  unites 
with  one  of  the  ingredients,  and  feparates  the  others  from 
it,  and  by  which  they  generally  fall  to  the  bottom  of  the 
liquor.  Copper  diffolved  in  diluted  nitrous  acid,  is  pre¬ 
cipitated  by  iron — much  of  the  diffolved  copper  becomes 
revived  by  the  phlogifion  of  the  iron,  and  form  a  fkin  of 
copper  on  the  iron  ;  the  refi  falls  to  the  bottom  of  the 
liquor  precipitated,  &c.  hc„ 

SATURATION  fignifies  the  point  at  which  the 
attractive  and  diffolving  power  of  any  menfiruum  flops, 
when  filled  with  the  matter  it  is  to  diffolve. — Solutions 
of  fait  or  fugar  in  water ;  of  fulphur  in  oil  of  turpentine  ; 
camphor  in  fpirit  of  wine  ;  filver  in  aqua  fortis  ;  water  in 
air,  he.  are  tranfparent  till  fully  faturated  ;  if  more  be 
added,  they  fink,  in  their  natural  form,  to  the  bottom, 
uadiflolved,  and  the  menffruum  is  faid  to  be  fully  fatu¬ 
rated.  If  water,  fpirits,  oil,  he.  be  evaporated  from  the 
matter  with  which  they  are  faturated,  the  matter  affumes 
its  natural  form  common  fait  will  affume  a  cubical 
form;  falt-petre  the  form  of  a  prifm,  he.  he.  adhering 
to  the  bottom  and  Tides  of  the  containing  veffeh 
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A  F  F  I  N  IT  Y.  This  term  is  of  great  extent  m 
•chemiftry,  and  fignifies  the  tendency  which  the  constituent 
parts  of  bodies  have  to  unite  readily  with  some  fubjlances  in 
preference  to  others «  Water  and  vinegar  have  affinity, 
becaufe  they  are  eafily  mixed  together.  W ater  and  oil 
have  no  affinity  becaufe  they  will  not  mix,  but  fhew  a 
kind  of  repullion  to  one  another.  If  a  mixture,  A  and  B, 
have  a  third  matter,  C,  added  to  them,  to  which  A  has 
a  greater  attraction  or  affinity  than  to  B,  then  will  A  let 
go  B,  and  join  in  union  with  C,  and  B  is  precipitated. 
Ex.  ift.  Solution  of  fublimate  mixt  with  oil  of  tartar, 
produces  an  orange  coagulum  ;  an  acid  (as  the  fpirit  of 
nitre)  added,  feizes  the  oil  of  tartar,  (as  an  alkali,  to 
which  it  has  a  ftrong  affinity)  the  colour  is  difcharged, 
and  the  liquor  becomes  pelucid.  2d.  Solution  of  blue 
vitriol  mixt  with  fpirit  of  fa!  ammoniac,  produces  a  blue- 
coloured  alkaline  liquor.  The  nitrous  acid,  added,  feizes 
the  fal  ammoniac  as  an  alkali,  difcharges  the  colour,  and 
the  liquor  becomes  acid  ;  if  then  an  alkali  be  made  pre¬ 
dominant  (as  oil  of  tartar)  the  fine  blue  is  again  reftored. 
3d.  Acid  folutions  are  detected  by  fyrup  of  violets,  which 
turns  them  red  :  bqt  the  fame  fyrup  turns  an  alkaline 
fiolution  green.  Hence  red  or  blue  flowers  fteeped  in 
acid  water,  impart  their  colouring  particles  to  the  water, 
which  becomes  red  :  oil  of  tartar  added,  turns  it  green. 
4th.  Salts  inffantaneoufly  chryftalize  when  fpirit  of  wane 
Is  added  to  their  folution  in  water,— -becaufe  fpirit  and 
water  have  a  greater  affinity  to  one  another  than  fait  and 
water.  5th.  Inflammable  air  is  not  inflammable  of  itfelf, 
any  more  than  fixt  air  is  effervefcent ;  but  it  is  a  confti- 
tuent  part  of  a  compound,,  which  being  let  loofe,  caufes 
by  its  flight  the  phenomenon  of  inflammation.  Hence 
phofphorus  (as  a  mine  of  phlogifton)  when  rubbed  be¬ 
tween  the  folds  of  brown  paper  to  increafe  its  furface, 
takes  fire,  fo  foon  as  it  becomes  opened  out  to  the  air. 
6th.  Two  thirds  of  nitrous  acid  and  one  third  vitriolic 
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scid  mixed,  and  then  poured  on  the  oil  of  turpentine^ 
produces  inflant  and  tremendous  inflammation  !  7th.' 

Ether  dropt  on  water  produces  ice.  8th.  Calcs’s  are 
revived,  if  while  they  are  in  fufion,  inflammable  air  be 
blown  upon  them.  9th.  Equal  quantities  of  regulus  of 
cobalt  diffolved  in  diluted  nitrous  acid,  and  fea  fait  diffolved 
in  water,  make  an  ink  that  comes  and  goes  with  heat  and 
moifture.  roth.  Invifible  writing,  with  a  foiution  of  fu- 
gar  of  lead,  is  rendered  black  by  a  foiution  of  liver  of 
fulphur,  both  in  water.  This  phlogiftic  effect  will  take 
place  through  a  thick  book,  or  even  a  hone  wall.  nth. 
Hemberg’s  pyrophorus  requires  one  part  fugar  and  three 
parts  allum,  to  be  melted,  flirred,  and  dried  on  an  iron 
fhovel  till  it  becomes  a  black i fa  coal  ;  then  bruife  it  into 
powder,  and  put  it  into  a  long-necked  bottle,  and  the 
bottle  into  a  crucible  filled  with  dry  fand  ;  then  place  the 
crucible  in  a  gradual  fire,  till  the  whole  becomes  red  hot, 
and  keep  it  fo  an  hour,  or  till  a  weak  fulphurous  flame 
has  iffued  out  of  the  bottle's  neck  a  quarter  of  an  hour  ;, 
remove  it  by  degrees,  and  cork  up  the  bottle  as  foon  as* 

it  will  not  burn  it,  or  decant  the  pyrophorus  into  a  dry 
bottle,  well  hopped  from  air.  A  little  of  this  powdfer  ex¬ 
po  fed  to  moift  air  on  brown  paper,  inftantly  takes  fire. 
12th.  Vitriolic  acid  contains  much  phlogifton,  diluted 
with  water,  it  becomes  difpofed  to  part  with  it  to  the  airy 
■which  decompofition  always  produces  heat .  Hence  iron 
pyrites  lying  in  water  produces  heat,  and  becomes  ink 
with  an  infufion  of  galls  ;  rain  water  running  over  quar¬ 
ries  of  fuch  pyrites  above  Bath,  acquire  the  heat  for  which 
thofe  waters  are  fo  celebrated.  13th.  Vegetables  contain 
much  nitre  ,  the  water  therefore  in  which  potatoes,  fpi- 
nage,  &c.  are  boiled  ditTolves  the  nitre,  and  hence  brown 
paper  foaked  in  fuch  water,  becomes  excellent  match  when 
cut  in  flips  and  dried.  14th.  Silver  diffolved  in  diluted 
nitrous  acid,  (or  luna  cornea)  is  precipitated  by  copper; 

for 
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for  the  acid  has  a  greater  affinity  to  copper  than  filve'r,* 
therefore  the  lilver  precipitates,  and  form  thole  beautiful 
ramifications  called  the  arbor  Diana, 

ACIDS  are  both  in  a  liquid  and  concrete  form,  have 
a  four  tafte,  and  they  effervefce  with  alkalies,  Vitriolic 
acid  is  fluid,  tranfparent,  colourlefs,  and  without  fmell* 
like  water,  but  much  heavier  :  It  is  got  generally  from 
fulplvur,  by  diftillation  with  water,  to  which  it  has  great 
affinity.-—  Nitrous  acid  is  of  a  brown  colour,  emits  brown 
vapours,  has  a  pungent  fmell,  readily  diffolves  moil  me¬ 
tals,  and  is  extracted  by  diftillation  from  nitre  or  falt- 
petre,  moiftened  with  vitriolic  acid.  It  attacks  the 
phlogifton  of  metals,  and  has  the  greateft  affinity  to  it. 
Marine  acid  is  extracted  from  common  fait,  it  is  of  2 
yellow  colour,  and  fmells  like  faffron. 

ALKALIES  are  faline  bodies  that  combine  rea- 
dily  with  acids  ;  in  a  concrete  form  they  attract  moifture 
from  the  air,  and  become  fluid  ;  they  have  an  acid  burn¬ 
ing  tafte  ;  fufe  with  a  moderate  heat ;  diffiolving  earths 
with  a  ftrong  heat,  become  glafs,  &c.  Fixt  mineral  alkali 
is  obtained  from  fea  fait ;  fixt  vegetable  alkali  from  vege¬ 
tables,  both  handing  a  great  heat  without  diffipation. 
Volatile  alkali  is  obtained  from  animal  fubftances,  by  de- 
compofition  and  putrefaction,  and  flies  off  with  a  fmall 
degree  of  heat ;  hartfhorn  drops  are  of  this  kind.  Alkaline 
falls  combined  with  oils  form  foap,  & c. 

« 

SALTS  are  every  thing  with  a  (harp  tafte,  and 
foluble  in  water.  Sea  fait ,  or  kitchen  fait,  is  a  combina¬ 
tion  of  marine  acid  and  mineral  alkali.  Luna  cornea  is 
a  fait  formed  by  the  union  of  filver  and  acid.  Verdi grifie, 
falls  formed  by  the  folution  of  copper  in  vinegar.  Ammo - 
niacal  /alts,  are  an  acid  faturated  with  volatile  alkali. 
Sugar,  an  effential  fait,  containing  vegetable  acid  combin¬ 
ed 
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ed  with  earth  and  oil.  Potajh^  a  fixt  vegetable  alkali 
extradted  from  the  afhes  of  vegetables.  Nitrous  /alts 
are  found  in  old  walls,  or  places  impregnated  with  ani¬ 
mal  and  vegetable  juices-— they  are  neutral,  and  produced 
nitrous  acid  and  fixt  vegetable  alkali, 

METALS.  Perfect  metals ,  or  thofe  that  cannot  be 
decompounded,  are  gold,  platina,  and  filver.  Imperfedf 
metals ,  are  copper,  iron,  tin,  and  lead,  which  in  fire,  or 
Prong  menfiruums  lofe  their  metalline  properties,  become 
an  earth,  or  calcs  ;  but  are  revivable  back  to  their  ori¬ 
ginal  metals  by  phlogifion ;  hence  imperfect  metals  are 
wholly  compofed  of  earthy  matters  and  phlogifton.  Pure 
metals  are  always  found  in  their  metallic  form  ;  but  the 
imperfect  metals  in  the  form  of  calcs’s  or  ores  ;  thefe 
placed  in  a  firong  fire  acquire  from  the  combuftibles  phlo- 
giiton  enough  to  become  metals,  and  are  then  combufii- 
ble  themfelves  in  a  Prong  fire  :  Sparks  produced  by  the 
firoke  of  flint  and  fteel,  are  but  particles  of  Peel  fet  on 
fire  by  the  violence  of  the  firoke.  Gold  is  unalterable  by 
art,  is  the  heavielt  of  all  known  bodies,  expands  io,  that 
a  grain  may  be  beat  into  a  leaf  of  fifty  fquare  inches,  and 
a  gold  wire  one  tenth  of  an  inch  in  diameter,  will  fufpend 
or  fupport  500 lb.  weight  without  breaking.  Reduced 
into  fine  powder,  it  is  eafily  attacked  by  acids,  but  its  me¬ 
tallic  nature  is  in  no  refpecf  altered.  Gold  diffolved  by 
aqua  regia,  and  then  precipitated  by  volatile  alkali,  and 
then  wafhed  and  fuftered  to  dry,  explodes  by  a  fmall 
degree  of  heat,  with  a  quicknefs  and  violence  far  exceed- 
ing  gunpowder.  Ether  poured  on  a  folution  of  gold  in 
aqua  regia,  and  the  mixture  (hook— the  gold  will  leave  the 
aqua  regia  and  pafs  .into  the  ether.  Gold  will  continue 
months  in  a  hot  fire  without  lofing  any  weight.  Platina. 
This  metal  is  found  in  fmall,  angular,  finning  grains  in 
the  gold  mines  of  South  America  ;  it  is  near  as  heavy  as 
gold.  It  difiblves  in  aqua  regia,  but  bids  defiance  to  fim- 
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pie  acids,  or  any  fire,  except  that  of  a  large  burning  glafe* 
Silver  is  the  third  unalterable  metal  — it  fufes  in  a  finall 
heat ;  is  nearly  as  dudtile  as  gold  ;  a  wire  of  it  one  tenth 
of  an  inch  diameter  will  fuftain  27c  lb.  ■  It  a  flumes  a  black 
appearance  when  expofed  to  phlogiftic  vapours,  for  it  is 
capable  of  over-faturating  itfelf  with  the  inflammable  prin¬ 
ciple.  Nitrous  acid  diflolves  filver  more  compleatly  than 
any  other  acid.  Copper ,  tho’  an  imperfect  metal,  comes 
near  to  filver  in  paint  of  ductility.  A  wire,  as  above,  fup- 
ports  2991b.  Moift  air  tarndhes,  and  even  calcines  it;: 
this  ruff,  or  calx,  is  verdigrife.  Acids,  alkalies,  falina 
matters,  and  oils,  more  or  lefs  diffolve  copper,  and  the 
folution  is  of  a  green  colour,  and  poifonous,  hence  culi¬ 
nary  veffels  of  copper  fhould  be  kept  well  tinned.  A 
folution  of  capper  in  volatile  alkali  is  blue  when  expofed 
to  the  air,  but  lofes  the  colour  when  corked  up  ;  opened* 
it  again  becomes  blue,  &c.— So  water  impregnated  with 
too  little  copper  to  be  difcovered,  turns  blue  with  a 
few  drops  of  volatile  alkali.  Copper  is  moftly  found 
combined  with  fulphur  in  mines  ;  and  is  eafily  feparated 
from  other  metals  by  fulphur.  It  requires  a  ftrong  heat 
to  melt  it,  emits  pernicious  fumes,  and  burns  with  a  green 
or  blue  flame.  It  eafily  combines  with  other  metallic  fub- 
ftances — with  zink  it  becomes  £r<?/}---with  tin,  lronzey 
or  bell  metal ,  &c.  Iron  is  the  moft  ufeful,  the  hard  eft, 
moft  elaftic,  and,  except  tin,  the  lighted;  of  all  metals. 
Such  a  wire  as  above,  fupports  4501b.  As  an  are,  or  a 
calx,  it  is  not  attracted  by  the  magnet— -but  when  ph.lo- 
gifticated  by  reading  in  the  fire,  it  is  attracted.  It  is 
eafily  deprived  of  phlogifton,  by  the  calcs  of  other  metals, 
water,  moift  air,  acids,  fire,  &c.  and  becomes  ruft,  or 
crocus  martis .  Iron,  joined  by  fubftances  that  abound 
with  phlogifton,  in  a  ftrong  fire,  without  the  free  accefs 
of  air,  becomes  Jleel ;  and  fteel  made  red  hot,  and  fud- 
denly  cooled  in  water  or  oil,  becomes  fo  hard,  tempered, 
and  brittle,  that  edge-tools,  files,  &c.  are  made  of  it. 
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In  the  a£t  of  heating  it  changes  colour,  and  hence  many 
fleel  ornaments  are  made  blue.  Iron  has  great  affinity 
with  fulphur,  and  its  fufion  is  fo  much  facilitated  by  it, 
that  if  iron  in  white  heat,  be  rubbed  with  fulphur,  it  falls 
in  liquid  drops  united  with  the  fulphur  ;  and  if  6olb.  of 
iron  filings  and  fulphur,  made  into  a  pafte  with  water,  be 
buried  a  few  inches  under  ground,  it  will  fvvell,  grow  hot, 
emit  vapours  and  flame,  and  fhake  the  ground  about  it 
like  an  earth-quake.  Iron  may  be  allayed  with  any  metal 
except  quickfilver  and  lead.  Tin  is  the  lighted:,  lead 
elaftic,  or  fonorous  of  any  metal.  A  wire  as  above, 
fupports  50  lb.  All  acids  difiolve  and  deprive  it  of  its 
phlogifton.  It  meks  with  lefs  heat  than  will  make  it  red 
hot,  and  calcines  into  a  grey  powder  called  putty,  f  ufed 
in  pollifhing  metals,  glafs,  &c.)  It  allays  with  all  metals, 
gives  them  brittlenefs ;  and  its  vapours  impair  the  duc¬ 
tility  of  all  metals.  It  amalgamates  with  quickfilver,  and 
is  then  ufed  to  cover  looking- giaffes :  compounded  with 
lead  it  forms  the  folder  of  the  plumbers.  —  Lead  is  (fill 
fofter  than  tin;  a  wire  as  above  only  fuftains  291b. 
Acids  of  all  forts  difiolve  it — fumes  of  vinegar  ruft  it  into 
white- lead.  Calcs  of  lead  is  made  into  wafers;  boiled 
in  linfeed  oil,  it  becomes  the  drying-oil  of  the  painters. 
Lead  kept  in  a  date  of  fufion,  with  a  current  of  air  paf- 
fmg  over  it,  foon  lofes  its  phlogifton,  and  becomes  cal¬ 
cined,  and  is  then  called  red  -  lead :  a  ftrormer  heat  vitrifies 
this  calx  into  litharge:  and  a  ftill  ftronger  heat,  reduces 
it  into  glafs  of  lead ,  which  will  run  through  the  crucible 
like  water  through  a  fieve.  This  glafs  facilitates  the 
calcination  of  imperfect  metals,  and  is  therefore  ufed  to 
.purify  the  perfect  metals.  Mercury ,  or  quickfilver ,  is 
like  fluid  filver,  opaque  and  very  heavy.  By  great  cold 
it  can  be  made  folid,  and  maliable  as  lead.  It  rifes  in 
vapour  by  a  fmall  degree  of  heat,  and  when  thefe  vapours 
are  collected,  they  are  found  the  very  fame  quickfilver. 
Hence  it  is  eafily  diddled,  and  by  that  means  eafily  fepa- 
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rated  from  lead,  tin,  &c.  Acids  and  alkalies  combine 
with  mercury.  Vapours  of  mercury  and  marine  acid 
meeting,  form  chryhals  like  flattened  needles,  called 
corrofive  JubUmate.  Mercury  fhook  in  vinegar,  exhibits 
a  curious  phenomenon  ;  and  it  is  luminous  when  fhook 
in  vacuo.  Quickfilver  triturated  with  fulphur,  forms 
Ethiops  mineral ;  and  this  frequently  fublimed,  becomes 
cinnabar ---or  the  vermilion  of  the  painters.  Cinnabar 
is  alfo  found  a  native  in  the  mines,  and  may  be  confidered 
as  the  ore  of  quickfilver. 


EARTHS. 

Earths  make  up  the  folid  part  of  our  globe ;  they  are  fp 
intermixed,  that  it  is  difficult  to  come  at  their  compo¬ 
nents,  which  are,  ih.  Calcareous  earths ,  i.  e.  lime-hone5 
chalk,  haladlites,  or  hone  icicles,  marbles,  or  any  earths 
that  effervefce  with  acids ;  that  fall  in  white  powder  when 
burnt ;  that  will  not  melt  into  glafs  by  heat ;  but  will 
melt  when  mixed  with  borax,  or  calcs’s,  and  affih  the 
fufion  of  lead,  copper,  and  iron.  Siliceous  earths ,  or  pre¬ 
cious  hones,  as  the  diamond,  ruby,  topaz,  opal,  agate* 
cornelian,  hint,  jafper.  Many  of  thefe  hrike  fire  with, 
and  even  fcratch  heel  ; — do  not  melt  with  the  hrongeh 
fire  5  and  do  not  effervefce  with  acids.  Argillaceous 
earths ,  or  clays  that  harden  in  the  fire,  and  ufed  to  make 
porcelain  ;  and  clay  marles,  that  moulder  in  wTater,  and 
effervefce  with  acids,  ufed  as  manure,  Adicaceous  earths 
are  compofed  of  thin  leaves,  or  lamina,  with  fhining  fur- 
faces,  and  which  divide  into  thinner  leaves  in  the  fire, 
and  become  brittle.  JJbeftus  earths.  Thefe  do  not  alter 
in  the  fibre  ;  are  .flexible  and  hringy,  capable  of  being  fpun 
into  threads,  or  wove  into  cloth.  'Zeolites  are  harder 
than  calcareous  hones  5  melt  eafily.  in  the  fire,  with  fwel- 
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ling  and  ebullition ;  and  diflolve  with  acids  without 
dfervefcence.  * 


LECTURE  IV. 


PNEUMATICS, 


HE  air  is  a  thin  fluid,  which  encompafies  the  globe 


of  the  earth  on  all  lides,  revolves  along  with  it 
round  its  axis,  and  attends  it  on  its  annual  journey  round 
the  fun.  If  a  peach  be  fuppofed  to  reprefent  the  earth, 
the  air  will  be  aptly  fignified  by  the  down  growing  on  its 


furface. 


This  body  of  air,  together  with  the  clouds  and  vapours 
that  float  in  it,  are  called  the  atmofphere ;  and  it  reaches 
about  forty-five  miles  above  the  ground  before  it  dege¬ 
nerates  into  too  thin  an  aether  for  any  creature  to  breathe; 
this  is  known  by  meafuring  with  a  barometer  the  weight 
of  the  atmofphere  in  a  low  valley,  and  on  a  mountain, 
and  may  be  familiarized  by  fuppofing  a  thoufayid  fleeces 
of  wool  one  piled  above  another,  where  the  lowed  will 
be  greatly  comprefled  or  fqueezed  together,  the  next 
not  fo  much,  the  next  not  fo  much  as  that,  &c.  till 
we  come  to  the  uppermod,  which  will  lie  in  its  natural 
loofe  date.  The  air,  by  being  eladic,  and  partaking 
of  the  earth’s  attradlion,  is  nec^flarily  drawn  into  a  pro- 
grefiive  date  like  this. 

The  air  is  fo  fubtil  that  it  pervades  the  pores  of  all 
bodies,  and  enters  into  the  compofition  of  mod  animal 
and  vegetable  fubftances  ;  yet  it  is  a  body,  becaufe  it 
excludes  all  other  bodies  from  the  place  it  poflelFes,  if 
fo  confined  that  it  cannot  ellape;  hence  the  origin  of 
the  diver’s  bell,  for  if  we  fink  a  bell  in  water  with  the 
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mouth  open  downwards,  little  water  will  make  its  way 
into  it,  and  a  perfon  may  defcend  and  live  a  confidera~ 
ble  depth,  if  a  veflel  of  the  fame  kind  be  kept  conftantly 
fupplying  him  with  frefh  air,  and  that  made  noxious  by 
his  breathing  be  let  out  by  a  pipe  reaching  from  the 
upper  part  of  the  bell  above  the  furface  of  the  water. 

The  air  has  all  the  properties  by  which  a  fluid  is 
diftinguifhed,  it  yields  to  the  flighted;  imprefflon,  its 
parts  move  eaflly  among  one  another,  and  animals 
breathe  and  move  through  it  without  any  difficulty. 
Yet  it  has  three  Angularities  which  diftinguifh  it  from 
mod:  fluids,  i.  It  can  be  comprefled  into  a  lefs  fpace 
than  it  naturally  poffefles.  2.  It  can  occupy  a  greater 
fpace  than  it  naturally  poddies.  3.  It  is  of  different 
ctenfity  in  every  part  upward. 

As  the  air  is  a  body,  it  mufl  needs  have  weight ;  this 
is  proved,  1.  By  its  prefling  the  hand  that  covers  the 
top  of  anexhaufled  receiver.  2.  By  immerflng  the  Hem 
of  a  bolt- head  into  a  veflel  of  water,  and  covering  both 
with  a  receiver,  then  exhaufting  the  ^ir  out  of  both  ;  on 
letting  in  the  air  on  the  furface  of  the  water  it  forces  it 
into  the  exhaufled  bolt-head.  3.  A  bottle  that  holds  a 
wine  quart  being  emptied  of  air,  and  weighed,  is  found 
to  be  about  17  grains  lighter  than  when  it  is  full  of  air  ; 
fo  that  a  quart  of  air  on  the  earth’s  furface  is  17  grains. 
4.  If  a  wet  bladder  be  tied  over  the  top  of  an  open  re¬ 
ceiver,  then  fet  to  dry,  and  after  this  the  air  exhaufled 
from  under  it,  the  air’s  weight  will  then  burft  the 
bladder  with  a  furpriflng  report.  5.  On  a  moveable 
plate  place  a  tall  receiver,  open  its  cock,  and  exhauff: 
the  air  out  of  it,  then  fhut  the  cock,  and  immerfe 
the  flem  in  which  it  is  fixed  into  a  veffel  full  of 
water  ;  on  opening  the  cock  the  air’s  preflure  on 
the  water- will  force  it  into  the  receiver  in  a  beau-- 
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tiful  fountain.  6.  If  a  hole  be  made  in  the  bot* 
tom  of  a  cup,  and  have  a  bit  of  dry  hazel  or  willow 
branch  fixed  into  it,  and  this  be  put  into  a  hole  on  the 
top  of  a  receiver  ;  when  quickfilver  is  poured  into  it, 
and  the  air  exhaufled,  the  quickfilver  will  be  forced 
thro’  the  pores  of  the  branch  by  the  weight  of  the  in¬ 
cumbent  air,  and  will  fall  in  a  curious  fhower  into  the 
receiver.  7.  If  a  tube  of  32  inches  long,  and  open  only 
at  one  end,  be  filled  with  quickfilver,  and  then  the 
open  end  immerfed  in  a  jar  of  quickfilver,  that  in  the 
tube  will  fink  to  the  height  the  quickfilver  Hands  in  the 
barometer;  if  this  jar  and  tube  be  put  under  a  tall  re¬ 
ceiver,  and  the  air  exhaufled,  the  quickfilver  will  de- 
feend  out  of  the  tube  into  the  jar  ;  but  upon  admitting 
the  air  again  into  the  receiver,  its  prefiure  will  drive 
up  the  quickfilver  into  the  tube,  and  fupport  it  therein 
as  is  Hands  in  the  barometer,  which  proves  that  the 
quickfilver  in  the  barometer  is  kept  up  folely  by  the 
weight  of  the  air.  8.  If  the  air  be  exhauHed  out  of 
two  brafs  hemifpheres  of  about  12  inches  area,  it  will 
require  a  force  equal  to  180  pounds  to  feparate  them. 

To  prove  that  thefe  effedls  are  not  produced  by  fuc- 
tion ,  and  that  there  is  nofuch  principle  in  nature ,  1.  Place 
a  fmall  receiver  at  fome  difiance  from  the  hole  in  the 
pump-plate,  and  cover  it  with  a  large  one  over  the  hole  ; 
on  exhaufting  the  air  the  fmall  one  will  remain  loofe, 
While  the  large  one  is  made  faft  to  the  plate  ;  but  on 
Ibtting  in  the  air  the  big  receiver  will  be  releafed,  and 
the  fmall  one  prefled  down.  2.  If  a  pump  be  placed  in 
water  under  a  receiver,  and  the  air  exhaufled,  no  water 
can  be  made  to  rife  in  the  pump.  3.  If  two  moveable 
plates  be  fixed  upon  a  pump-plate,  with  communications 
between  them  that  can  be  flopped  by  cocks,  if  the  air 
Is  exhaufled  out  of  a  receiver  placed  on  one  of  them, 
and  then  a  receiver  placed  on  the  other,  and  the  com¬ 
munication 
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munication  opened,  half  the  air  in  the  lad  will  by  its 
jpring  make  its  way  into  the  firft  receiver,  and  both 
lhall  be  fixed  to  the  plates® 

Breathing  is  in  fome  meafure  performed  by  the  power 
of  the  intercoftal  mufcles  afting  upon  the  ribs  ;  they 
are  difpofed  in  form  of  a  femicircular  arch,  and  articu¬ 
lated  with  the  vertebrae  of  the  back  behind,  and  con¬ 
nected  with  the  fternum  before,  which  are  the  two 
centres  on  which  they  move  :  The  diaphragma  is  a  par¬ 
tition  drawn  acrofs  the  body,  dividing  the  thorax  or 
chef:  from  the  abdomen  or  belly  ;  it  is  a  mufcle,  and 
by  its  difpofition  and  ftru&ure  capable  of  expanfion, 
whereby  it  becomes  concave  downward,  and  of  attrac¬ 
tion,  whereby  it  becomes  flat  ;  and  by  this  motion 
alternately  rarefying  and  condenfng  the  air  in  the 
crevices  of  the  thorax,  and  thereby  deftroying  its  equi¬ 
librium  ;  to  reftore  this  the  air  will  prefs  into  the  lungs, 
and  when  the  diaphragma  contracts,  will  be  forced  out 
again;  hence  the  a£tion  of  breathing,  as  is  reprefented 
by  the  lungs-bladder,  whofe  infide  has  a  communica¬ 
tion  with  the  external  air,  though  it  is  inclofed  in  a 
thorax  of  glafs  with  its  bottom  clofed  by  a  bladder,  tied 
flaccid,  reprefenting  the  diaphragma. 

The  elaJUc  quality. ,  or  jpring ,  of  the  air  is  thus  proved, 
i,  If  an  almoft  empty  bladder  be  put  under  a  receiver, 
and  the  air  exhaufted,  the  fpring  of  the  air  in  the  bladder 
will  then  (hew  itfelf  by  fwelling  up  the  bladder,  as  if  it 
was  blown.  2.  If  a  little  of  the  {hell  be  cut  off  from 
the  fmall  end  of  an  egg,  and  the  egg  put  under  a  re¬ 
ceiver,  on  exhaufting,  the  bubble  of  air  in  the  big  end 
of  the  egg  will  expand  itfelf,  and  drive  out  the  contents 
of  the  egg.  3.  If  a  fifh  in  water  be  put  under  a  re¬ 
ceiver,  and  the  air  exhaufted,  its  air-bladder  will  fwell 
the  fifti  fo  as  to  make  it  fpecifieally  lighter  than  water, 
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&nd  of  courfe  the  fifh  will  be  buoyftbup  to  the  furface. 
4.  If  a  cubic  inch  of  dry  wood  in  warm  water  be  put 
under  the  receiver,  and  the  air  exhaufted,  large  and  innu¬ 
merable  bubbles  of  ah  will  come  out  of  the  wood  and 
make  the  water  feem  to  boil  ;  and  in  this  manner  may 
air  be  drawn  vihbly  out  of  the  hardeft  bodies-.  5.  A 
withered  apple  in  an  exhausted  receiver  will  be  plumped 
up,  and  look  quite  frefh,  by  the  fpring  of  the  air  in  the 
infide  of  it ;  and  if  a  frefh  one  be  pricked  all  over  with  a 
bodkin,  and  put  in  water  under  a  receiver,  on  exhaufting, 
it  will  appear  as  if  it  was  roafting  by  a  lire.  6.  If  a  tall 
receiver  be  exhaufted,  and  the  neck  of  the  veftel  joined  to 
its  bottom  be  half  full  of  water,  the  fpring  of  the  air  on 
the  furface  of  that  water  will  force  it  out  into  the  receiver 
in  a  beautiful  fountain.  7.  If  a  little  air  be  tied  up 
in  a  bladder,  and  put  in  a  convenient  vefTel  with  great 
weights  upon  it,  on  exhaufting  the  air,  the  fpring  of  the 
air  in  the  bladder  will  lift  the  weights,  and  fhew  that  its 
fpring  is  equally  forcible  with  its  preffure ;  therefore, 
though  a  middle-fized  man  fuftains  above  30,000 lb. 
weight  on  his  perfon,  yet  the  equal  lpring  of  the  air 
within  him  makes  him  infenfibie  of  it. 

Heat  and  cold,  or,  if  you  will,  the  prefence  or  the 
abfence  of  fire,  are  the  ufual  caufes  of  the  air’s  rare¬ 
faction  and  condenfation  :  If  air  be  heated ,  it  fwells,  fo 
that  the  fpace  it  pofiefted  before  it  was  heated  will  contain 
fewer  particles  than  it  did  in  its  cold  ftate.  Wind  mult 
be  the  necefiary  confequence  of  this  ;  for  by  what  means 
foever  the  equilibrium  of  the  air  is  deftroyed,  its  neigh¬ 
bouring  p  rts  will  never  be  at  reft  till  the  balance  is  re~ 
ftored  :  Hence  the  reafon  why  air  rubles  fo  violently  into 
a  glafs-houfe  ;  into  a  clofe  room  with  a  great  fire  in  it  ; 
into  warm  towns,  &c.  When  the  fun’s  heat  is  increafed 
by  the  reflection  of  fands,  or  the  fides  of  rocky  moun¬ 
tains,  the  air  will  be  rarefied,  and  by  the  rufhing  in 
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of  the  colder  neighbouring  air,  will  be  forced  up  into  the 
higher  part  ot  the  atmofphere,  as  light  fmojke  is  up  a 
chimney  by  the  heavier  air.  If  a  large  cloud  keeps  the 
fun's  rays  from  the  air  under  it,  but  rarefies  that  all 
round  it,  a  wind  will  rufh  from  beneath  the  cloud  in  all 
directions.  Upon  this  principle  alfo  we  account  for  the 
trade  winds  which  conftantly  blow  from  the  eaft  to  the 
weft  about  the  equator  ;  for  as  the  fun  paffes  over  the 
earth  in  that  direction,  and  rarefies  the  air  as  he  goes,, 
the  colder  air  will  rufti  after  him  and  caufe  the  trade 
tvinds ,  if  they  are  not  diverted  by  vulcanos ,  burning  fands9 
mountains ,  &c.  Hence  alfo  the  monfoons  ;  the  day  and 
night  breeze,  on  the  iflands  in  the  W eft-indies  ;  the 

wind  from  weft  to  eaft  on  the  coaft  of  Guinea  :  and  the 

< .  .  •  ,  ,  . 

currents  of  Florida,  Gibraltar,  &c, 

JTis  unnecefTary  to  point  out  here  how  admirably 
thefe  properties  coincide  with  thg  general  fcheme  of  the 
creation. 

L  E  C  T  U  R  E  V.  «.  . 

P  N  E  U  M  A  T  I  C  S. 

[]  y  the  air  may  be  condenfed  or  fqueezed  into 
JL  lefs  room  than  it  naturally  pofTeffes  is  proved, 
i.  By  putting  a  blown  bladder  in  a  receiver  ;  if  a  forcing 
fyringe  be  then  applied  to  the  receiver,  and  a  quantity  of 
air  forced  into  it,  the  bladder  will  be  (hrivePd  up  by  the 
fuperior  prefiftire  of  the  condenfed  air.  2.  If  a  copper  ball 
be  half  filled  with  water,  and  a  quantity  of  air  forced  into 
it  as  above,  through  a  fpouting  pipe  that  goes  near  the 
bottom  of  the  water,  the  fpring  of  the  condenfed  air  on 
the  furface  of  the  water  will  exhibit  an  amazing  fountain. 
3,  The  mo  ft  formidable  inftancc  of  condenfion  is  in  the 

magazine, 
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magazine,  and  walking-cane  wind-guns ;  where  the 
condenfed  air  has  a  fpring  capable  of  discharging  20 
or  30  balls  with  one  charge,  one  after  another,  with  the 
fame  force  as  if  charged  with  gunpowder. 

%  .  ,  .  '  .  .  c  l  ' 

By  compounding  certain  bodies,  an  aflonifhing  quantity 
of  air  will  become  fixt  or  concreted  in  the  pores  of  the 
new  body  ;  of  this  kind  are  the  grains  of  gunpowder,  to 
which  if  fire  be  applied,  the  air  will  infiantly  re-affume  its 
elaflic  form,  and  its  hidden  fwell  being  refilled  by  the* 
adjoining  air,  will  caufe  an  explofion :  For  this  reafon 
gunpowder  fired  in  vacuo  makes  no  explofion. 

Sound  is  caufed  by  any  thing  that  gives  a  fmart  flrcke 
or  a  tremulous  motion  to  the  air  :  thefe  waves  finking 
upon  the  outward  fliell  of  the  ear,  are  from  thence  con¬ 
veyed  up  the  auditory  tube,  and  flriking  agairdl  the  tym¬ 
panum,  or  drum,  are  fo  increafed,  that  in  making  their 
way  up  the  labyrinth,  it  gives  a  (hock  to  the  auditory 
nerves,  and,  by  their  means,  is  conveyed  to  the  foul  the 
idea  of  hearing,  or  found.  The  artificial  ear  m&kes  this 
very  evident.  And  the  clock  flriking  in  vacuo  without 
being  heard,  is  a  proof  of  air  being  a  conductor  of  found. 
Mufical  firings,  in  fenfion,  flruck  by  a  bow,  a  finger, 
the  wind,  &c.  will  divide  themfelves  into  imaginary  frets, 
or  bridges,  viz.  into  halves,  thirds,  fourths,  &c  a  bridge, 
either  real  or  imaginary,  dividing  a  firing  into  two  equal 
lengths,  each  ( vibrating  according  to  their  weight)  will 
be  an  a&ave  to  the  whole  firing,  as  half  will  vibrate 
twice  as  fall  as  the  whole  ;  and  hence  every  fecund  wave 
unites  with  the  firft  of  the  whole  firing,  and  gives  a  pleaf- 
ing  fenfation  to  the  ear, —A  firing  divided  into  three  equal  ’ 
parts ,  each  will  vibrate  three  times  while  the  whole  firing 
vibrates  once ;  hence  every  third  wave  coming  in  contact 
produces  a  pleafing  fenfation,  and  the  chord  is  called  a 
twelfth.  Two  thirds  of  this  firing  vibrates  three  times 
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while  the  whole  firing  vibrates  twice,  and  gives  that  fweet 
chord  called  a  Fifth ,  Seven  ninths  of  a  firing  produce 
the  major  Third :  and  three  fourths  the  Fourth.  Hence 
waves  clafhing  againfl  one  another  without  contact, 
produce  dif chords  in  mufic,  and  ferve  as  foils  or  reliefs 
to  the  counterpoint  of  according  waves.  Hence  alfo 
the  mechanical  fympathy  of  mufical  inllruments  tuned 
in  unifon  ;  one  of  which  will  found  when  the  other  does, 
by  the  waves  it  produces.  An  harpfichord  replies  to 
every  word  fpoken  in  the  room  where  it  Hands.  Parti¬ 
cular  notes  in  an  organ  will  fhake  the  wainfcot,  fet  dogs 
a  howling.  Hence  alfo  the  various  founds  produced  by 
the  Eolian  harp,  when  tuned  unifon,  and  expofed  to  a 
current  of  wind— -the  firings  divide  themfelves  into  ima¬ 
ginary  bridges,  and  produce  oSlaves^  fifths,  thirds ,  twelfths 
fifteenths ,  &e.  7' he  maflerly  performer  on  the  violin 

afiifls  this  propenfity,  by  touching  lightly  thole  aliquot 
parts  of  a  firing  where  nature  would  make  this  imaginary 
bridge,  and  hence  are  produced  thofe  notes  called  har¬ 
monics. 


When  the  atmofphere  is  light,  the  noxious  air  pent 
up  in  the  cavities  of  mines  (communicating  with  the  out¬ 
ward  air)  will,  by  its  effort  to  reflore  an  equilibrium, 
fwcil  into  the  mine,  and  hence  the  fuffocating  damp 
which  is  met  with  in  mines  when  the  barometer  is  low. 
'Phis  damp  is  made  on  the  air-pump  by  letting  air  into 
an  exhaufted  receiver,  through  the  dame  of  charcoal, 
fulphur,  dame  of  a  candle,  &c4  into  which  if  an  animal 
be  put  it  fufFers  infiant  death.  The  fire-damp  proceeds 
from  the  fame  caufe,  only  that  its  particles  are  of  the 
phlogiflic  or  inflammable  nature,  as  riflng  from  the  ful- 
phurous,  nitrous,  or  oleaginous  flrata  in  the  mine  :  This, 
taking  fire  by  the  lights  ufed  by  the  workmen,  will  run. 
like  a  train  of  gunpowder  through  the  works  ;  and  as  it 
Is  confined,  the  elafiicity  occafioned  by  the  heat  will 
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oaufe  fuch  explofions  as  frequently  blow  up  the  mine. 
This  damp  is  made  on  the  pump,  by  letting  the  air 
into  an  exhaufled  receiver  through  the  flame  of  the  oil 
of  turpentine  or  other  inflammable  matters  ^  after  which, 
if  a  lighted  candle  be  put  in  the  vapour,  it  will  take  fire. 

As  the  pores  and  cavities  of  all  bodies  are  filled  with 
air,  an  animal  put  under  a  receiver,  and  the  air  exhauft- 
ed,  will  foon  die  ;  becaufe  as  the  air  is  drawn  out  of  the 
lungs,  that  in  the  thorax  will  expand  and  fwell  the  ani¬ 
mal,  fhrivel  up  its  lungs,  and  thereby  flop  the  circulation 
of  the  blood. 

Fixed  air  (that  wonder ous  antifeptic)  arifes  from  the 
efFervelcence  of  any  acid  and  alkaline  mixture,  and  ealiefl 
from  chalk  and  oil  of  vitriol,— Liquors  fermenting  dis¬ 
charges  plenty  of  it,  and  it  is  found  alfo  in  the  common 
atmofphere.  VV  aier  imbibes  it,  and  thence  acquires  the 
fparkling  appearance,  acidulous  tafle,  and  medical  quali¬ 
ties  of  Pyrmont  water .  Though  noxious  when  breathed, 
it  cures  the  fea  feurvy,  putrid  inteftines,  inflamed,  or  putrid 
fores,  &c. 

Nitrous  air  is  produced  from  the  effervefcence  of  cop¬ 
per  filings  and  the  nitrous  acid.— It  diminifhes  common 
air,  and  their  mixture  gives  a  brown  effervefcence. 

Inflammable  air,  the  pure  and  elementary  phlogiflon ,  is 
eafiefl  procured  from  iron  filings  and  diluted  vitriolic 
acid  ;  the  acid  feizes  the  iron,  and  lets  loofe  the  fixt 
phlogiflon,  exhibiting  it  as  elaflic  air.  This  gas  is  im¬ 
bibed  by  any  metallic  calx,  in  a  flrong  heat,  and  the  calx 
becomes  revived  into  its  original  metal.  Lead  in  calcin¬ 
ing  lofes  its  phlogiflon — and  becomes  a  calx  called  minurn 
or  red  lead  : — This  phlogiflon  preferved,  if  the  calx  be 
placed  in  it,  and  the  focus  of  a  burning  lens  heat  the 
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calx,  it  inftantly  begins  to  imbibe  the  inflammable  air* 
fwallows  it  up*  and  foon  becomes  the  individual  lead  it 
was  before  the  prccefs.  This  is  taking  a  metal  in  pieces* 
and  putting  it  together  again  ;  and  intimates  the  inflam¬ 
mable  principle  to  be  the  fame  in  all  bodies ,  viz.  that  in¬ 
flammation  in  coals,  candles,  wood,  &c.  arifes  from 
letting  loofe  concreted  phlogifton  from  thefe  fubftances 
into  the  air. — Inflammable  air  being  eight  or  ten  times 
lighter  than  common  air,  rifes  from  bogs,  and  putrifying 
fubftances  into  the  higher  regions  of  the  atmofphere,  and 
lodging  there,  frequently  receiving  inflammation  from 
lightning,  or  electricity,  giving  thunder  its  long  progref- 
five  found  —  Lightning  the  property  of  fpreading  over 
the  whole  hemisphere  —  and  when  by  winds  it  is  drawn 
into  long  ftreaks  acrofs  the  hemifphere,  and  receives  from 
electricity  inflammation  at  one  end,  the  inflammation 
runs  acrofs  the  hemifphere,  and  we  call  the  phenomenon 
falling flars,  fiery  dragons ,  meteors ,  TVill-o’th^-wifp^  &c. 
-—A  foap  bubble,  filled  with  inflammable  air,  rifes  in 
the  atmofphere  like  a  fhot  difcharged  from  a  perpendi¬ 
cular  gun.  Inflammable  air ,  when'  mixt  with  an  equal 
quantity  of  common  air,  or  a  third  of  dephlogiflicated 
air,  explodes  when  confined  in  a  gun,  and  inflamed  by 
electricity,  fo  as  to  difeharge  a  ball  with  a  force  nearly 
equal  to  gunpowder. 

Copper  and  fpirit  of  fait  produce  an  air  (through  quick- 
fiilver)  that  is  very  noxious, ---quickly  abforbed  by  water, 
---and  a  candle  burns  green  in  it.  Water  faturated  with 
it  is  a  ftrong  fpirit  of  fait,  and  difTolves  iron  with  great 
rapidity. 

Alkaline  air  is  expelled  by  a  candle  from  a  gun-barrel 
filled  with  one-fourth  pounded  fal  amoniac,  and  three- 
fourths  quick  lime  mixed. 

Common 
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Common  air  Imbibes  phlogi/lon ,  which  diminifhes  that 
air  by  precipitating  the  fixed  air  it  naturally  contains  ;  and 
it  becomes  noxious  in  proportion  to  the  diminution  it  is 
capable  of  fufFering.  — -  Hence  phlogifton  is  the  beft  teft 
of  air  —  unwholefome  as  it  has  more  in  it,  and  incapable 
of  diminution  ;  and  wholefome  as  it  has  lefs  phlogifton  in. 
it.  For  air  imbibing  this  inflammable  matter  from  the 
blood  in  its  paftage  through  the  lungs,  perforins  the  office 
beft  when  it  has  the  leaft  phlogifton  in  it.  Hence  candles 
go  out  in  clofe  rooms,  and  animals  die  in  them  ;  becaufe 
air  already  faturated  with  phlogifton  can  contain  no 
more. 

Vitriolic  acid  air  is  produced  by  oil  of  vitriol  juft  covered 
with  olive  oil  in  a  vial,  and  difcharged  by  a  candle 
through  quickfilver.  Ice  inftantly  melts  in  this  air  ;  and 
alkaline  air  put  to  it  produces  a  white  flaky  precipita¬ 
tion. 

Fluor  acid  air  is  forced  by  a  candle  from  a  vial  con¬ 
taining  pounded  fpar  and  oil  of  vitriol,  through  quickfilver 
into  water.  The  phlogifton  in  the  fpar  gives  volatility 
to  the  vitriolic  acid,  fo  that,  coming  into  contadt  with 
the  water,  they  unite,  and  the  ftony  matter  of  the  fpar 
precipitates  in  flakes,  crufts,  Sic, 

Dephlogi/Ucated  air^  (or  perfect  atmofpheric  air)  fee  ms 
to  be  derived  from  earth  and  the  nitrous  acid,  and  bids 
fair  to  rob  us  of  a  received** element.  It  is  expelled  by 
a  fmart  fire  from  a  pafte  formed  of  red  lead  and  fpirit  of 
nitre,  out  of  a  gun-barrel  or  a  thin  vial— -or  any  earthy 
matter  void  of  phlogifton,  as  pipe- cl  ay,  Sic.  In  a  given 
quantity  of  this  remarkable  air  an  animal  will  live  near 
fix  times  as  long  a?  in  the  fame  quantity  of  common 
air !  A  candle  burns  with  an  aftonifhing  brightnefs  in 
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it,  — -a  firebrand  crackles  in  it, ---and  inflammable  air 
explodes  prodigioufly  loud  in  it,  &c. 

All  fubftances,  vegetable,  animal,  or  mineral,  mixfc 
with  nitrous  acid,  and  expofed  to  a  proper  heat,  give 
dephlogifticated  air  —  if  the  fubftances  be  firft  deprived 
of  phlogifton.  But  if  the  fubftances  contain  much  phlo¬ 
gifton,  (in  thofe  circumflances)  they  give  nitrous  air . 
If  but  a  {mail  quantity  of  phlogifton,  fixt  air  ;  but  if  no 
phlogifton,  the  produce  is  dephlogifticated  air. ---So  when 
a  fmall  quantitity  of  phlogifton  exifts  in  the  fubftance 
ufed,  the  fixt  and  dephlogijlicated  airs  generally  come 
over  together. 

From  the  fmoke— -putrid  effluvia-— calcination  of 
metals— -and  breathing  of  animals,  the  air  muft  be  con¬ 
tinually  contaminated,  and  made  unfit  for  human  refpi- 
ration.  Providence  has  wifely  made  the  vegetable  king¬ 
dom  the  cure  for  this  evil,  for  plants  imbibe  nourifhment 
from  putrid  and  phlogiftic  air  at  their  leaves,  as  may  be 
feen  by  the  fuperior  vigour  in  plants  growing  in  great 
cities  — by  their  growing  on  walls  without  earth  — 
and  by  a  green  plant  put  in  noxious  air,  which  imbibes 
nourifhment,  and  cures  the  air  at  the  fame  time.  The 
air  fo  purified  in  leaves  and  plants,  leaves  them,  and 
becomes  dephlogifticated,  if  the  leaves  and  plants  be 
expofed  in  water  in  a  tall  inverted  glafs,  and  expofed  to 
the  light. 

Refpiration  is  alfo  a  phlogiftic  procefs,  afFcdling  air 
in  the  very  fame  manner  as  putrefaction,  effervefcence 
of  iron  filings  and  fulphur  —  calcination  of  metals, 
&c.  —  diminishing  its  quantity  and  fpecific  gravity,  and 
rendering  it  unfit  for  refpiration  and  inflammation---* 
yet  ftiil  capable  of  being  reftored  by  agitation  in  water* 

or 
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or  a  contaCl  with  vegetables.  Air  comes  nearly  in  eon- 
tail  with  the  blood  in  its  paiTage  through  the  lungs, 
'giving  phlogifton  to  it  when  it  wants,  and  taking  phlo- 
gifton  from  it  when  it  has  too  much.  T oo  much  phlo-* 
gifton  renders  the  blood  black  and  thick— but  the  air 
having  accefs  to  it,  even  through  the  velicles  of  the  lungs, 
renders  it  red  again— and  dephlogifticated  air  fill  more  per - 
feSilyio^  both  in  and  out  of  the  body-— congealed  as  well 
as  fluid,  &c. 

That  water  is  prefent  in  air9  is  evident  from  feeing  it 
precipitate  in  a  cloud  as  a  receiver  is  exhaulling  on  the 
air-pump  ;  from  the  dew  on  windows,  or  other  cold 
bodies  when  water  (lands  for  feme  time  in  a  hot  room ; 
from  the  wet  hair  of  thofe  who  afeend  the  Tides  of  moun¬ 
tains  ;  and  from  its  entering  fpunges  and  hygrometrical 
inftruments  when  hung  in  air ;  from  many  more  proofs 
?tis  evident  that  air  is  a  men ftr  mini- for  water.  Air9  lying 
on  water ,  and  rubbing  perpetually  againft  it,  from  this 
contact,  and  their  natural  attraction,  the  two  fluids  mu¬ 
tually  imbibe  one  another ;  (for  air  may  be  feen  in  water 
placed  in  an  exhaufted  receiver.)  T  hat  an  heavy  body 
can  rife  in  a  lighter  one  when  its  particles  are  feparated, 
and  its  furface  by  that  means  increafed,  is  certain  from 
gold  being  diifolved,  and  of  courfe  hanging,  in  aqua  regia9 
— copper  in.  aqua  fortis9  &c.  Water  rifes  in  air  by  the 
fame  law  ;  and  the  terment  occafioned  by  all  folutions 
may  be  feen  in  the  air  along  the  furface  of  wet  ground, 
on  a  warm  day,  in  that  quivering  which  the  rays  of  the 
fun  fuller  in  palling  through  air  and  water  not  yet  inti¬ 
mately  mixed.  Heat  affi/is  all  folutions ,  —  hence  the  quan¬ 
tity  of  clouds  and  rain  where  the  fun  is  vertical  :  —  The 
drying  quality  of  the  air  in  fpring,  and  the  rains  and  fogs 
in  winter  ;  for  fummer’s  warmth  afiifis  in  filling  the  air 
with  water,  and  the  winter’s  cold  condenfes  and  brings  it 
down  in  high  latitudes  $  and  as  the  higher  regions  of  the 
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sir  are  cold,  and  thin,  the  particles  of  water  run  together, 
and  form  clouds ,  about  the  height  of  the  mountains  : 
---The  winds,  and  their  own  attraction,  affift  this  junc¬ 
tion —  till  their  furface  becomes  fo  diminifhed  that  they, 
precipitate  in  a  drop  of  rain  :  If  the  drop  is  frozen  in  its 
defcent,  it  falls  on  the  ground  an  hail- ft  one  :  If  the  cloud 
be  frozen,  then  broken  fragments  of  it  defcend  in  flakes 
of  flnow .  Fogs  in  an  evening  are  occafioned  by  the  cold, 
condenfmg  the  vapours  new  raifed  from  the  ground  before 
they  are  properly  mixed  with  the  air. 


LECTURE  VL 

H  r  D  R  0  S  T  A  T  1  C  S. 

rTHHIS  branch  of  philofophy  treats  of  the  nature ,  gt'a- 
vity,  prejjure ,  and  motion  of  fluids  in  general,  and  of 
weighing  folids  in  them.  Water ,  like  air,  confilds  of  round 
and  bard  particles,  as  is  proved  by  putting  fait  in  water  with¬ 
out  increaling  its  bulk,  by  th Q  round  pores  of  aquatic  plants 
and  the  Florentine  experiment ,  which  forces  water  throJ  the 
pores  of  a  copper  ball  :  Hence  ’tis  evident  there  are  vacuities 
in  fluids ,  and  that  no  fluid  can  be  preffed  into  a  lefs  [pace 
than  it  naturally  poflefles,  except  air  and  fleam . 

Fluids  are  faid  to  be  perfect  or  imperfect,  as  their  parts 
Hide  with  more  or  lefs  eafe  over  one  another,  therefore 
quickfilver  is  the  mold  perfedd  of  all  fluids.  Water  being 
of  the  imperfeFt  kind  is  feldom  pure :  It  adheres  to  any 
fubldance  it  meets  with,  mixes  with  its  particles,  and 
thence  becomes  impregnated  with  whatever  flrala  it  runs 
over:  If  water  has  any  thing  alkaline  in  it,  the  fyrup 
af  violets  turns  it  greeny  if  any  thing  acid,  the  fyrup  turns 
it  red  ;  if  it  has  run  over  iron  j lone ,  or  iron  mine ,  a  folution 
of  galls  turns  it  blacky  and  if  alium,  oil  of  tartar  turns  it 

tbicky 


[  43  3 

% 

thick,  he.—  Hence  water  impregnated  with  lime- ft  one, 
and  oufing  flow  amongd  modes,  leaves,  &c.—as  the 
water  evaporates,  the  dony  matter  adheres  to  thefe  fub- 
dances,  and  aduming  their  fhapes,  gives  that  variety  of 
whimfleal  petrefaefions  we  meet  with  in  Derbyfhire,-— 
the  dropping  well  at  Knarefbrough,  he. 

W ater  being  incompr ejfible  will  not  be  more  denfs  at  the 
bottom  than  the  top  of  the  lea  ;  but  will  have  the  wonder¬ 
ful  property  of  prefling ,  upwards  and  fideways>  as  forciblyas 
downwards ,  in  proportion  to  its  perpendicular  height ,  with¬ 
out  any  regard  to  its  quantity  ;  for  as  each  particle  is  quite 
free  to  move  towards  that  part  on  which  the  predure  is 
leaf ;  and  hence  no  particle  or  quantity  of  a  fluid  can  be 
at  red  till  it  is  every  way  equally  prefed.  A  fluid  may 
therefore  be  conceived  as  made  up  of  perpendicular  columns 
of  particles ,  and  as  divided  into  imaginary  furfaces  each 
an  inch  or  more  from  one  another,  the  lowed  prefled  with 
the  weight  of  all  the  red,  &c.  hence  the  pipe  fixed  under 
the  mojl  furfaces  will  difeharge  the  mojl  water,  &c. 

To  prove  that  fluids  prefs  in  all  manner  of  directions 
alike,  take  four  glafs  tubes ,  open  at  both  ends,  but  bent 
into  all  kinds  of  angles  ;  if  thele  be  put  in  water  nearly 
to  their  tops,  the  water  will  rife  in  them  to  its  own 
level.  Or  take  a  veflel  full  of  water,  with  an  hole  at  the 
bottom  of  its  fide .  of  the  fame  flze  as  one  in  its  bottom ,  and 
tire  two  holes  will  be  found  to  difeharge  the  fame  quantity 
pf  the  fluid  in  the  fame  time. 

That  fluids  prefs  in  proportion  to  their  depth,  with¬ 
out  any  regard  to  their  quantity,  is  evident,  i.  From  a 
bladder  tied  flaccid  over  one  end  of  an  open  cylinder  of 
glafs ;  if  water  be  poured  into  it,  the  bladder  will  bulge 
downwards ;  but  if  then  it  be  immerfed  in  a  veflel  of 
water  till  the  furface  of  the  water  within  the  cylinder  be 
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even  with  that  in  the  veflel,  the  bladder  will  then  be 
flattijh  as  if  it  were  not  prefted  at  all,  for  indeed  it  is  then 
prefled  equally.  If  the  cylinder  be  plunged  deeper ,  the 
bladder  will  be  prefled  upwards ,  (hewing  that  bodies  fwim 
merely  by  the  force  of  the  pillar  of  water  under  them  en¬ 
deavouring  to  rife  to  its  level,  i  Lead  is  aoout  1 1  \  times 
heavier  than  its  bulk  of  water;  if  therefore  a  piece  be  held 
tight  to  the  mouth  of  a  cylinder,  f  open  at  both  ends  )  by 
a  firing  within  the  cylinder,  and  let  down  into  water 
above  1 1  times  its  thicknefs,  the  firing  may  be  let  go* 
and  the  upward  preflure  of  the  water  will  hold  the  lead 
to  the  cylinder  ;  but  if  the  cylinder  and  the  lead  be  raifed 
till  the  lead  is  not  1 i~  times  its  thicknefs  below  the  fur^ 
face  of  the  water,  it  will  then  fall  off  and  fink  3.  If 
a  tube  of  34  inches,  open  at  one  end,  and  filled  with  quick- 
filver,  have  its  open  end  ijnmerfed  in  a  bafon  of  quickfilver, 
hung  fo  by  firings  that  it  may  be  lei  down  into  a  deep  vef- 
fel  of  water,  according  to  the  depth  the  veflel  is  funk,  the 
mercury  will  rife  a  fourteenth  part  in  the  tube,  and  demon- 
flrate  that  quickfilver  is  fourteen  times  heavier  than  water. 
4.  If  lead  w7ith  a  fat  upper  fide  be  laid  on  the  bottom  of. 
a  veflel,  and  a  piece  of  flat  wood  be  held  on  while  the 
veflel  is  filling  with  water  ;  if  no  water  can  get  in  between 
the  lead  and  the  wood  to  form  an  upward  prejfure ,  the 
wood  will  be  held  on  the  lead  bv  its  own  weight  and 
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that  of  the  water  above  it.  5.  If  an  empty  bottle ,  juft 
made  fo  heavy  as  to  fink  in  water,  be  corked,  and  luf- 
pended  at  one  end  of  a  balance,  and,  with  its  cork  pulled 
put,  be  immerfed  in  water  and  filled,  it  will  require  as 
much  weight  in  the  oppofite  fcale  to  pull  it  up,  as  will 
weigh  all  the  water  in  it,  which  (hews  that  fluids  weigh 
juft  as  much  in  their  own  element  as  out  of  it.  6.  It  a 
finall  tube  30  inches  long,  open  at  both  ends,  and  to 
pne  end  'bent  to  a  right  angle)  it  has  a  large  bladder 
tied  ;  if  then  the  bladder  be  put  in  a  box,  and  a  board 
be  laid  on  it  with '25  or  gclb,  weight  upon  it,  and  water 
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be  poured  into  the  tube,  the  bladder  will  raife  tb« 
weights,  though  the  bore  of  the  tube  fhould  be  fo  (mall 
as  not  to  hold  an  ounce  of  water.  7.  The  prejjure  of  a 
fluid  upon  the  bottoms  of  all  vejfels  whatever,  2s  proportional 
to  their  bafes  and  perpendicular  height,  wit -out  any  regard 
to  the  quantities  they  contain ;  for  if  on  a  loofe  pifton, 
fufpended  on  a  balance,  a  column  of  water  of  a  foot  be 
weighed,  it  will  be  found  to  weigh  as  much  as  a  column 
ot  water  of  the  fame  height,  though  contained  in  a 
flanging  veffel  that  holds  ten  times  as  much.  8.  if  a  fmall 
tube  be  joined  to  a  very  large  one ,  and  the  whole  be  bent 
in  the  bottom  fo  as  the  two  parts  may  be  either  parallel , 
or  make  any  angle ,  water  may  be  poured  into  either  tube , 
and  it  will  juft  rife  as  high  in  the  other ,  even  tho’  one 
fhould  contain  ten  thoufand  times  as  much  as  the  other 
does  :  This  alfo  fhews  that.fluids  prefs  in  proportion  to 
their  perpendicular  heights,  without  any  regard  to  their 
quantities ;  that  water  in  pipes  will  afcend  to  the  level  of 
the  fpring  from  whence  it  came  ;  and  that  jets  or  foun¬ 
tains  wrould  rife  the  fame  height ,  if  not  obftructed  by  angu¬ 
lar  turnings ,  and  the  refinance  of  the  air  into  which  they 
play. 

Smoke  does  not  rife  into  air  becaufe  of  its  pofitive  levity > 
but  becaufe  it  is  lighter  than  the  air  where  it  is  produced  ; 
hence  if  the  fmall  neck  of  a  bolthead,  full  of  water,  be 
immerfea  in  a  glafs  of  wine,  the  lighter  wine  will  afcend 
up  into  the  bolthead,  and  the  heavier  zvater  defcend  into 
the  glafs.  For  the  fame  reafon,  a  body  fpecifically  (or 
bulk  for  bulk)  heavier  than  water  will  fink  in  it;  a  body 
of  the  fame  weight  will  lie  indifferently  any  where  in  it  ; 
and  one  fpecifically  lighter  will  of  courfe  fwim  in  it. 

Smoke  is  forced  up  a  chimney  by  the  air  in  the  room, 
prefilng  to  the  rarefied  air  in  the  chimney  ; —  hence,  the 
patent  ftoves,  contracting  the  fire-place,  obliges  the  air 
to  ruff)  in  with  great  violence,  and  thereby  it  over¬ 
comes 
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comes  more  effectually  any  wind  that  forces  the  fmoke 
< down  the  chimney. Kitchen,  or  other  open  chim« 
nies,  are  very  liable  to  fmoke  with  winds  coming 
ever^  or  bofoming  againft  a  taller  houfe,  church,  tree, 
&c.— -becaufe  the  fmoke  riling  very  flow  and  languidly 
by  its  fpecific  lightnefs  in  the  open  air,  or  wide  chim- 
liies,  is  eafily  puffed  down  by  the  wind,  if  a  ventilator 
or  a  feathered  covering  do  not  prevent  it. 

If  a  flick  be  counterpoifed  on  a  fc  ale -beam  by  water,, 
and  after  that  immerfed  in  a  veflel  full  of  water,  it  will 
caufe  fo  much  of  the  water  to  flow  over  the  brim  as  will 
be  fupplied  by  that  in  the  oppofite  fcale  :  Hence  it  is 
evident  a  Jhip  difplaces  juft  fo  much  water  in  the  fea  as  is 
equal  to  its  own  weight  and  cargo  :  And  hence  alfo  the 
Jlrength  of  wood  may  be  judged  of ;  for  if  a  piece  of  oak 
of  a  foot  long  be  immerfed  in  a  narrow  veflel  of  water, 
it  will  be  found  to  fink  about  eight-tenths  of  its  length  : 
Beech  about  feven-tenths  :  Mahogany  feven- tenths,  &c„ 

A  [olid  body ,  heavier  than  its  bulk  in  water ,  will  loje 
juft  Jo  much  of  its  weight  when  fufp  ended  in  it ,  as  its  bulk  ’ 
of  vjater  weighs  :  But  the  weight  loft  by  the  / olid  is  commu¬ 
nicated  to  the  fluid ,  Hence  if  the  weight  of  a  body  in  air 
be  divided  by  what  it  lofes  in  a  fluid,  the  quotient  will 
fhew  how  much  heavier  it  is  than  its  bulk  of  that  fluid, 
or  i ts  fpecific  gravity .  By  this  trial,  pure  gold  is  round 
to  be  19,637  times  as  heavy  as  its  bulk  of  water  :  Guinea 
gold  17,793  times  as  heavy  :  Jjuickfilver  14  times: 
Lead  11,325  times  :  Standard  filver  10,535:  Copper  9: 
Plate  brafs  8  :  Steel  785  :  Iron  7,645  :  and  block-tin  732. 

A  cubic  inch  of  brafs  lofes  233!  grains  of  its  aerial 
weight  in  water  :  In  proof  fpirics  it  lofes  235  grains  ; 
therefore  a  cubic  inch  of  water  weighs  233!  ;  and  a 
cubic  inch  proof  fpirits  235  grains :  And  the  fpecific 
gravities  of  pure  fpirits ,  proof  fpirits ?  and  water  are  as 
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840,923  and  1000.  From  hence  may  be  conceived  the 
great  ufe  of  the  hydroftatic  balance. 

A  pipe  fixed  four  times  as  deep  below  the  furface  of  a 
fluid*,  as  another  of  the  fame  diameter,  will  difcharge/w//V* 
as  much  in  the  fame  time  -s  if  nine  times  as  deep,  it  will 
difcharge  four  times  as  much,  &c.  agreeable  to  the  fquare 
root  of  the  depth  :  And  the  velocity  with  which  a  fluid 
fpouts  at  any  depth  below  the  furface,  is  equal  to  that 
which  a  body  let  fall  that  height  would  acquire.  Pipes 
alfo  difcharge  a  fluid  (when  placed  at  equal  depths 
below  the  furface)  agreeable  to  the  fquares  of  their  dia¬ 
meters,  i.  e.  a  pipe  twice  the  diameter  of  another  will 
difcharge  four  times  as  much  of  the  fluid,  in  the  fame 
time  ;  thrice  the  diameter,  nine  times  as  much  5  four 
times  the  diameter,  fixteen times  as  much,  &c. 

T  he  prefiure  of  v/a ter  againfi:  banks,  the  (ides  of  con¬ 
taining  vefiels,  &c.  is  in  the  proportion  of  falling  bodies, 
viz.  if  the  prefiure  againfi:  the  firfl  inch  deep  of  the 
vefifel  be  one  pound,  it  will  be  three  pounds  prefiure 
upon  the  inch  below  that ;  five  pounds  againfi  the 
inch  below  that  ;  feven  pounds  againfi:  the  inch  below, 
&c.  fo  that  prefiure  againfi:  banks,  flood-gates,  &c.  is  as 
the  fquare  of  the  depth,  i.  e.  if  the  prefiure  be  1  pound 
againfi:  the  uppermofl  inch,  it  will  be  4  pounds  againfi 
two  inches  deep,  9  pounds  againfi  three  inches  deep,  16 
pounds  againfi  four  inches  deep,  25  pounds  againfi  five 
inches  deep,  &c. 

Fluids  prefs,  or  reftft%  according  to  their  denfty  ;  and 
hence  a  boat  will  carry  more  on  fait  than  frejh  water. 
The  hydrometer  fhews  this  very  perfectly  ;  it  is  buoyed  up 
by  fait  and  water  mixed  with  vinegar ,  &c»  but  finks  in  wine> 
fpirits ,  &c.  according  to  their  lightnefs,  and  hence  it 
is  ufed  for  trying  the  lightnefs  or  flrength  of  liquors. 

A  fyphon 
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A  fyphon  a&s  agreeably  to  that  equal  /late  which  na¬ 
ture  affedts  through  ail  her  operations  ;  it  will  not  run 
unlefs  the  height  of  Water  in  the  outer  leg  be  greater 
than  that  of  the  inner  leg  above  the  water  in  which  it  is 
itmnerfed  -}  as  the  water  falls  therefore  from  the  outer 
leg,  it  will  make  a  continued  vacuum ,  and  of  courfe 
the  pre/jure  of  the  atmofphere  on  the  furface  of  the  water 
will  force  it  through  the  fyphon  in  a  continued Jlream ,  if 
kept  free  from  that  lodgment  of  air  which  frequently 
takes  place  on  the  top  of  the  fyphon.  By  the  Tantalus 
eup,  and  fountain  at  command ,  the  caufe  of  intermitting 
brings  is  explained  thus  : 

Clouds ,  being  attracted  by  the  mountains,  give  a  con¬ 
tinued  fuppiy  to  thofe  refervoirs  of  water  which  are  fre* 
quently  found  in  the  bowels  of  mountains,  and  which 
fuppiy  fprings  in  general  :  But  fihould  the  channel  from 
one  of  thefe  refervoirs  be  formed  like  a  fyphon?  of  courfe 
the  fpring  which  proceeds  from  it  will  ebb  and  flow  like 
thofe  in  Derbyihire,  Berkfhire,  &c. 

The  action  of  the  common  pump  depends  on  the  p ref- 
jure  of  the  atmofphere :  When  the  pifton  is  drawn  above 
what  is  called  the  fucking-valve,  it  caufes  a  vacuum, 
and  the  water  will  be  forced  up  33  feet,  but  not  higher  j 
which  fhews  that  a  column  of  water  of  that  height  is 
equal  to  the  weight  of  a  column  of  air,  of  the  fame 
thicknefs,  reaching  from  the  earth's  furface  to  the  top 
of  the  atmofphere.  Therefore  at  any  diftance  above  the 
furface  of  the  well  lefs  than  33  feet  the  pifton  will  work, 
^nd  water  from  thence  may  be  lifted  to  any  height 
whatever,  if  the  pump  be  flrong  enough.  In  a  forcing 
pump ,  the  p'flon  is  a  folia  plunger  ;  it  raifes  the  watej 
above  the  fucking-valve  as  in  the  laft,  but  when  the 
plunger  defcemls  (as  the  water  cannot  return  through 
the  valve  back  again)  it  forces  it  into  a  larger  air 
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VelTel  which  communicates  with  the  body  of  the  pump 
above  the  fu.cking-valve  ;  and  as  by  this  force  the  air  in 
the  veflel  becomes  condenfed,  its  re-acfion  on  the  water 
caufes  it  to  flow  through  a  fmall  pipe  in  a  continued 
dream.  The  engine  for  extinguifhing  fires  confifts  of 
two  fuch  forcing  pumps,  with  their  air  veffels. 

The  lifting  pump  can  only  be  ufed  in  deep  water,  as  its 
pidon  is  worked  by  a  rod  going  in  at  its  bottom,  and  faf- 
tened  to  a  frame  coming  up  each  fide  of  the  pump  :  This 
piffon  has  a  valve  opening  upward,  and  it  works  below  the 
furface  of  the  water  in  which  the  pump  is  immerfed,  and 
thence  has  no  occafion  for  the  air’s  preffure,  or  a  fucking- 
valve.  This  pump  is  generally  equipt  with  an  air  veflel 
as  the  lad.  On  tliefe  principles  engines  are  made  for 
railing  water  above  the  level  of  rivers  or  fprings ;  but  if 
three  pumps  are  worked  in  any  engine  by  a  triple  crank, 
and  all  of  them  throw  their  water  into  one  pipe,  there  is 
no  occafion  for  an  air  vefiel,  becaufe  there  will  be  always 
one  or  other  of  the  piftons  acting*  fo  as  to  force  the  water 
out  in  a  regular  dream. 

Archimedes' s  fcrew  pump  raifeS  water  by  its  endeavour  to 
fall — ’tis  three  or  four  hollow  threads  of  a  fcrew  wound 
round  a  folid  cylinder ;  it  mud  rife  out  of  the  water  Hoping, 
fo  as  the  threads  may  all  incline  downwards  ;  then,  when 
’tis  turned  round,  water  will  rife  in  it,  but  to  no  great 
height. 

The  upright  cylindrical  mill ,  by  Dr.  Barker,  is  a  tall  tube 
of  wood  or  metal,  20  feet  high,  and  about  five  inches  di¬ 
ameter  ;  it  dands  on  a  point  perpendicular  ;  and  has  to  its 
bottom  two  or  more  horizontal  arms,  or  tubes,  fixed,  of 
about  fix  feet  long,  communicating  with  the  upright  tube, 
and  perforated  with  holes,  one  in  each  arm,  and  on  the 
fame  fide  in  each  5  through  thefe  holes  the  water  which 
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Sows  in  at  top  fpouts  out,  and  by  giving  a  pufh  to  the  air, 
and  preventing  the  water’s  prefiure  on  that  fide  the  arm, 
forces  the  whole  machine  round,  and  carries  a  pair  of 
ftones  at  top,  or  pumps,  or  anything  elfe  capable  of  being 
moved  by  a  circular  motion. 

The  bucket  engine,  for  railing  water  by  pumps  out  of 
mines,  &c,  is  well  calculated  for  fituations  where  the 
ftream  that  carries  it  has  three  yards  of  fall,  and  is  too 
fmall  to  carry  a  wheel  :  The  bucket  hangs  on  one  end  of 
a  beam  like  that  of  a  fire  engine  ;  and  at  half  the  diftance 
from  thence  to  the  fulcrum  hangs  the  pump  rods  ;  on 
the  other  end  of  the  beam  hangs  a  counterpoife,  rather 
heavier  than  the  empty  bucket,  and  a  column  of  water 
on  the  pifton ;  but  when  the  bucket  is  filled  by  the 
ftream,  it  is  heavier  and  defcends  ;  the  bucket  hangs  on 
centres  a  little  on  one  fide  its  centre  of  gravity,  fo  that 
one  fide  is  heavier  when  empty,  and  the  other  when  full, 
and  being  unlocked  by  its  defcent,  its  unequal  poife  turns 
and  empties  it,  and  then  it  afcends  arid  opens  a  valve 
which  again  lets  the  dream  into  it,  and  makes  it  defcend 
again.  This  motion  works  the  pumps. 

"Two  forcing  pumps ,  for  fupplying  houfes  with  water, 
are  alfo  worked  by  an  engine  of  fimilar  principles,  but 
with  fill  greater  fimplicity  :  A  beam  inclining  downwards 
to  each  end  from  the  centre  on  which  it  hangs,  has  a 
trough  cut  in  it,  from  a  divifion  in  the  middle  down  to 
each  end,  where  buckets  are  f  xed  for  receiving  the  water 
that  works  it,  and  which  flows  into  the  trough,  nr  ft  on 
one  fide  the  divifion  and  then  on  the  other,  as  the  ends 
rife  and  fall  :  When  one  bucket  defcends,  the  valve  in  its 
bottom  falls  on  a  pin,  which  opens  it,  and  lets  out  the 
water  ;  mean  while  the  ftream  is  filling  the  other  bucket, 
which,  when  full,  defcends  in  like  manner,  and  each  end 
works  a  forcing  pump. 

The 
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The  centrifugal  machine  claims  dill  greater  merit  in 
force  and  fimplicity  ;  its  drape  it  like  the  letter  T,  ’tis 
hollow  throughout,  and  its  three  ends  are  open  :  When 
the  lowed:  end  is  immerfed  in  water,  and  it  is  whirled 
round  on  that  end,  the  air  in  the  arms  will  be  partly  thrown 
out  by  the  centrifugal  force,  and  confequently  the  preiTure 
of  the  atmofphere  on  the  furface  of  the  water  into  which 
it  is  immerfed  will  force  it  up  the  tube  and  throw  it  out  at 
the  arms ;  hence  a  continued  vacuum  is  made,  and  of 
courfe  a  continued  dream  forced  out.  The  perpendicular 
tube  mud  not  be  above  33  feet  high,  for  reafons  already 
given.  Two  men  will  difcharge  near  three  times  as 
much  water  with  this  machine,  in  the  fame  time,  as  with 
any  pump  yet  invented. 

The  fire  (or  rather  fleam)  engine  is  one  of  the  nobled 
prefents  that  art  has  made  to  the  necefllties  of  mankind  ! 
When  the  particles  of  zvater  are  feparated  by  fire^  they 
compofe  an  elajlic  vapour ,  called  fleam ;  this  vapour  is 
capable  of  occupying  14,000  times  the  /pace  it  did  in 
its  date  of  cold  water  ;  ’tis  of  force  diffident  to  drive 
away  the  air,  and  it  may  be  condenfed,  or  brought 
back  to  water  again  by  cold .  Hence  a  long  hollow 
cylinder  of  iron  communicates  with  a  huge  and  clofe 
boiler ,  half  filled  with  water,  by  a  neck  which  can  be 
opened  or  fhut  by  a  hiding  valve  called  a  regulator  :  The 
cylinder  is  exactly  filled  by  a  pijlon  made  air-tight ,  that 
hangs  on  one  end  of  a  beam  of  timber  about  20  feet  long, 
and  fufpended  on  a  centre  like  a  fcale-beam  ;  at  the  other 
end  of  the  beam  hang  the  rods  which  work  the  pumps  in 
the  bottom  of  the  mine,  and  throw  up  a  part  of  the  water 
into  a  refer  voir  on  the  top  of  the  building:  From  this 
refervoir  there  comes  a  pipe  under  and  through  the  bot¬ 
tom  of  the  cylinder ,  that  by  opening  the  cock  (called  the 
injcdion  cock)  plays  a  jet  of  cold  water  into  the  cylinder  to 
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condenfe  the  Hearn  ;  after  which  this  water  falls  through 
a  pipe  (wdth  a  valve  opening  outward)  and  forms  the  bot~ 
well:  Another*  pipe  alfo,  with  a  valve  outwrard,  called 
the  finifting  valve ,  is  fixed  near  the  bottom  of  the  cylinder, 
and  ferves  to  let  out  the  air  or  fteam  without  letting  it 
return.  The  regulator  or  injection  cock  are  alternately 
opened  and  (hut  by  a  piece  of  timber  hanging  from  the 
large  beam  ;  and  aflream  is  let  into  the  boiler ,  or  flopped, 
by  a  floating  copper  ball  in  the  boiler  that  regulates  the 
height  of  the  water.  If  now  a  large  fire  be  put  under  the 
boiler,  and  the  fleam  let  into  the  cylinder  by  opening  the 
regulator,  it  will  drive  out  the  air,  and  pofiefs  the  fpace 
itfelf ;  but  fo  foon  as  the  injection  cock  is  opened,  a  jet  of 
cold  water  will  play  into  the  fleam  in  the  cylinder,  and 
condenfe  it  into  a few  drops  ;  hence  a  vacuum  is  formed  in 
the  cylinder,  and  the  preffure  of  the  atmofphere  on  the  plfon 
\vill  force  it  down  to  the  bottom  of  it ;  the  fleam  then  being 
let  in  again  will  counteract  the  air’s  preffure,  and  with  the 
wreight  of  the  pump  rods  on  the  oppofite  end  of  the  beam, 
bring  up  the  piflon  to  the  top  of  the  cylinder.  This 
action  is  repeated  fourteen  or  fixtfen  times  in  a  minute, 
and  works  the  pump  in  the  mine.  As  the  frifiion  of 
this  machine  is  very  great,  inflead  of  reckoning  151b. 
preffure  qn  every  fquare  inch  on  the  piflon,  81b.  will  be 
found  nearer.  If  then  the  weight  of  a  column  of  water, 
the  depth  of  the  mine,  and  the  diameter  of  the  pump  be 
calculated,  the  neceffary  diameter  of  the  cylinder  will  be 
pafily  found. 

The  fire  engine  with  the  inverted  pifion  fpares  the  ex¬ 
pence  of  both  a  beam  and  building  ;  the  cylinder,  with 
its  open  end  downwards,  Hands  over  the  pit  or  fhaft 
of  the  mine,  the  boiler  Hands  by  its  fide,  the  injection 
well  above  it,  and  to  its  pifion  the  pump  rods  are  faflened. 
The  regulator  (of  great  fimpheity)  is  the  injeftiou  cock  alfo. 
When  the  Hearn  is  let  in  at  the  top  of  the  cylinder,  and 
condenfed  by  the  injection  water,  the  upward  preffure  of 
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!he  atmofphere  forces  the  pifton  from  the  bottom  to  the  top 
of  the  cylinder,  and  the  weight  of  the  rods,  and  ftrength 
of  the  ileam  forces  it  back,  again.  This  motion  works 
the  pumps. 

The  cold  water  vacuum  will  do  this  bulinefs  with  ffill 
lefs  machinery  and  expence ,  where  the  water  that  works  it 
has  a  fall  of  40  feet.  With  the  bottom  of  the  cylinder 
there  communicates  a  perpendicular  wide  pipe  of  33  feet 
long,  having  a  regulator  at  its  bottom,  and  another  at 
its  top.  The  pifton  and  beam  are  the  fame  as  in  the 
common  fire  engine.  The  water  being  let  in  at  the  bot¬ 
tom  of  the  cylinder  will  fill  both  the  cylinder  and  the  pipe 
below  it  y  if  then  the  regulator  at  the  bottom  be  opened, 
the  water  will  defcend  out  of  the  cylinder ,  but  not  out  of 
the  pipe,  becaufe  it  is  then  but  a  counterpoife  for  the  atmof¬ 
phere  :  Thus  a  vacuum  is  formed  in  the  cylinder,  and  the 
pifton  will  defcend  and  fhut  the  upper  regulator ;  but 
when  it  reaches  the  bottom,  it  opens  again,  and  as  the 
cylinder  fills,  the  pifton  rifes.  Thus  action  is  given  to 
the  beam  $  and  water  applied  in  this  way  is  perhaps  a 
more  powerful  agent  than  it  is  in  any  other. — N.  B.  For 
ought  I  know?  thefe  two  engines  are  nezv ,  and  unknown  to 
the  public . 

Watts  and  Boulton’s  (team  engine  condenfesthe  (team, 
without  cooling  the  cylinder  by  a  jet  of  cold  water,  and 
thereby  faves  fuel.  The  fteam  is  produced  in  a  boiler  as 
ufual  —  it  paftes  into  a  double  cylinder,  and  forces  down 
the  pifton  by  its  elafticity,  for  the  rod  of  the  cylinder 
works  through  a  collar  of  leathers,  and  therefore  the 
preflure  of  the  atmofphere  has  nothing  to  do  in  this- 
engine.  When  the  pifton  is  at  the  bottom  of  the  cylinder, 
the  fteam-cock  opens,  and  by  the  double  cylinder,  fteam 
enters  both  above  and  below  the  pifton,  fo  that  it  rifes 

ftagnate  fteam  by  the  weight  of  the  pump  rods  acting 
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on  the  oppolite  end  of  the  large  beam.  When  the  piflon 
arrives  at  the  top  of  the  cylinder,  a  cock  opens  that  commu¬ 
nicates  with  a  vacuum  formed  in  a  pond  of  cold  water  ;  this 
draws  the  fleam  from  under  the  piflon  in  a  moll  perfect 
manner,  and  leaves  the  piflon  liable  to  the  preffure  of 
the  fleam  upon  its  top :  and  as  fleam  may  be  made  of 
much  flronger  preffure  than  the  atmofphere,  this  engine 
is  proportionably  more  powerful  than  the  common  en¬ 
gine.. 

LECTURE.  VIL 

ELECTRICITY. 

JPLECTRICITY  and  phlogjjlon, ,  having  many  pro¬ 
perties  alike,  many  think  them  Gnly  modifications 
of  the  fame  principle.  Iron  lofing  its  phlogiflon  by 
vitriolic  acid,  lofes  by  the  fame  procefs  its  electricity; 
proved  by  infulating  the  procefs,  when  a  wire  communicat¬ 
ing  with  the  erfervefcing  mixture,  will  betray  figns  of  nega¬ 
tive  electricity.  This  moft  fubtil  fluid,  feems  more  or  lefs 
inherent  in  all  matter— but  fome  bodies  condudl  or  tranf- 
mit  it,  whilfl  others  flop  its  progrefs  from  one  body  to 
another.  Glafs,  hair,  filk,  and  gums  are  non-conductors , 
and  called  eleflrics :  but  metals,  water,  green  wood,  and 
mofl  animal  and  vegetable  fubilances  are  conductors ,  and 
are  called  non-eledirics .  I.  If  along  tube  of  glafs  be  rub¬ 
bed  wTith  a  warm  flannel,  an  atmofphere  of  this  fire  will 
be  formed  all  round  it,  and  if  a  finger  approaches  the  tube, 
the  fire  will  come  vifihly  off  the  tube  into  the  finger  with 
a  fnap  :  The  reafon  is,  the  fridlion  collects  the  fire,  and 
the  fpark  is  the  effort  it  makes  to  difperfe  itfelf  again,  and 
thereby  reflore  its  equilibrium,  2.  If  the  fame  tube 
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efectrified,  approaches  a  feather  hung  by  a  filk  thread, 
it  will  attratt  the  feather  once,  but  if  held  to  it  again, 
will  repel  it.  The  filk  will  not  conduct  the  ele&ric  fire  ; 
the  equilibrium  is  therefore  effeded  between  the  tube  and 
the  feather  on  the  firft  approach  ;  on  the  fecond,  the  at- 
mofphere  of  the  tube  prefiing  on  that  of  the  feather, 
drives  the  feather  from  it,  (for  two  bodies  poilefsed  of 
the  fame  eledricity  univerfally  repel  one  another;)  but 
if  the  feather  be  fufpended  by  a  flaxen  thread,  the  electri¬ 
fied  tube  will  always  attract  it,  becaufe  the  fire  can  make 
its  efcape  up  the  thread,  and  thereby  leave  a  continued 
inequality  between  them.  A  large  globe  or  cylinder  of 
glafs,  with  a  bafii-fkin  cufinon  covered  with  an  amalgama 
of  quickfilver  and  tinfoil,  or  zinc,  or  aurum  mofaicum 
fpread  on  black  filk,  faturated  with  mercurial  ointment, 
to  produce  the  friction  ;  a  prime  conductor  to  take  off  the 
eleftric  aimojpkere  from  the  glafs,  and  depofit  it  in  a  glafs 
receiver  covered  in  and  outiide  with  tinfoil  to  within  two 
inches  of  the  top,  and  a  wheel  to  put  the  cylinder  in  mo¬ 
tion,  is  called  the  electric  machine ,  or  fire  pump  ;  when 
this  machine  is  put  in  motion,  it  deftroys  tha  equilibrium 
of  the  electric  fire  about  it,  and  from  thence  the  whole  of 
its  phenomena  proceed,  as  may  be  proved  by  experiment, 
i.  If  a  perfon  touch  the  eledrified  conductor,  the  fire 
will  efcape  through  the  perfon  into  the  ground  with  a 
fiafh  and  report.  2.  If  any  number  of  perfons  take 
hands,  and  the  firft  perfon  holds  a  chain  which  commu¬ 
nicates  with  the  outfide  of  the  receiver,  and  the  laft  perfon 
touches  the  communication  with  the  infide  when  the 
phial  is  charged,  the  fire  will  reftore  itfelf  through  all  the 
company  at  the  fame  inftant,  giving  each  a  fevere  (hock 
at  the  wrifls  and  elbows,  in  its  paflage  back  again  to  the 
outfide  of  the  phial.  3.  If  a  perfon  Hands  on  a  ftool  with 
glafs  feet ,  and  holds  a  chain  faftened  to  a  conductor,  on 
turning  the  machine,  and  touching  him,  fparks  may  be 
brought  out  of  every  part  of  his  perfon  and  deaths,  and 
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If  he  touch  warm  fpirits  or  gunpowder  with  his  finger* 
they  will  take  fire  ;  which  fhews  that  the  eleCtric  fire  is 
chiefly  pumped  from  the  earth,  and  cannot  return  to  it 
again  through  glafs.  4.  If  a  ball  be  hung  on  the  con¬ 
ductor,  and  a  plate  of  bran  or  leaf  gold  be  placed  under 
it,  on  electrifying  the  ball,  the  bran  will  be  alternately 
attracted  to  and  repelled  from  it  in  a  beautiful  fhower  ; 
here,  the  particles  of  the  bran  are  carriers  as  it  were  of 
the  electric  fire  from  the  ball  to  the  plate  :  And  if  two 
bells  be  hung  on  the  conductor,  one  by  a  flaxen  thread, 
and  the  other  by  a  filk  thread,  (having  from  it  a  chain 
to  the  table)  if  a  fmall  clapper  be  hung  between  them 
on  a  filk  thread,  it  will  carry  the  fire  from  one  to  another, 
and  thereby  ring  both.  5.  Electrified  feathers  fpread  out 
their  threads  radically  ;  if  a  round  body  be  held  to  them 
they  cling  to  it  and  depofit  their  fire ;  but  if  a  point  be 
held  near  them  they  (brink  at  once  ;  hence  the  reafon 
why  the  wire  conductors  riling  from  the  ground  above 
the  tops  of  houfes,  terminate  in  points  to  receive  with 
more  eafe  the  lightning  from  the  clouds,  and  thereby  pre¬ 
vent  its  mifcbief.  6.  If  wires  fixed  like  the  fpokes  of 
a  wheel  be  fufpended  on  their  centre,  with  their  points 
bent  all  the  fame  way,  and  in  the  plane  of  the  circle ;  on 
being  electrified,  the  effluvia  flowing  from  the  points  will 
it r ike  fo  forcibly  upon  the  air  as  to  force  the  wheel  round 
with  great  rapidity  :  Hence  a  Ample  and  pleating  electric 
orrery  is  put  in  motion, ---and  various  mills  and  other 
devices.  7..  Water  and  fait  {like  the  cylinder  and  cufhion) 
will  collect  the  eleCtric  fire  when  put  in  motion  \  for  one 
is  an  electric ,  and  the  other  a  non-electric  body  ;  hence 
the  fiea  kfeifi  becomes  as  it  were  an  huge  electrical  machine 
when  violently  agitated  by  winds,  collecting  on  its  trou¬ 
bled  fur  face  the  fire  from  beneath,  and  looking  in  the 
night  as  if  it  was  all  in  flames.  Clouds  railed  from  a 
fea  fo  drcuixi  (lanced,  mu  ft  needs  contain  more  of  the 
electric  fire  than  clouds  raffed  from  the  land,  or  a  calm 
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iea  ;  if  therefore  two  clouds  meet,  fraught  with  unequal 
portions  cf  this  fire,  the  cloud  more  electrified  will  depofit  its 
abundance  in  the  cloud  lefis  electrified,  and  with  a  flaili  of 
lightning  reftore  the  equilibrium  ;  this  fire  clearing  the  air, 
the  adjoining  air  will  rufh  in,  and  with  a  report  called  thun¬ 
der,  reftore  the  equilibrium  of  the  air.  Some  think  putrid 
fifh,  others  animalcula,  or  an  eaft  wind,  the  caufe  cf  the 
luminous  appearance  of  the  fea.  If  a  cloud  attracted  by  a 
neighbouring  mountain  contains  more  eleblric  fire  than 
the  mountain,  the  lightning  will  dart  from  the  cloud  to 
the  mountain,  and  vice  verfa  ;  hence  if  an  eleClric  cloud 
comes  too  near  a  tower ,  tree.,  houfe ,  fsV.  and  they  are  not 
wet,  the  fire  will  defcend  on  them  in  an  effort  to  reftore 
the  equipoife,  and  if  greatly  obftruCted  in  its  paffage  to 
the  earth,  will  perhaps  break  them  all  to  pieces  ;  to  be 
dry,  or  ftand  under  a  tree -or  fhed,  is  therefore  dangerous 
in  a  thunder-ftorm ;  and  {hews  alfo  the  extreme  utility 
of  having  a  wire  from  the  top  of  any  tall  building,  down 
which  the  equilibrium  will  be  reftored  without  danger; 
and  if  the  wire  doess  not  touch  the  ground,  a  finger  at 
that  time  applied  to  the  wire,  will  receive  the  electric fiajh 
much  ftronger  than  by  a  machine.  A  kite  fent  up  into 
the  thunder-cloud  by  a  wire,  having  a  key  tied  to  its  end, 
and  held  by  a  fiik  ribband,  will  extract  the  fire  from  the 
cloud  ;  it  will  come  down  the  wire,  and  ftream  off  the 
key  to  the  ground  in  a  beautiful,  but  alarming  torrent  of 
lire. 

5Tis  thus,  by  weight  and  meafure,  the  Almighty 
has  appointed  feif-phyfic  for  the  diforders  of  his  works  ! 

«  #  t 

If  a  capillary  fyphon  be  made  to  decant  water,  it  will 
fall  from  it  in  fmall  drops,  but  if  the  water  be  eleCtrified 
it  flows  from  the  fyphon  in  a  fwifit  ftream .  Hence  ’tis 
found  that  a  perfon  pofitively  electrified,  (i.  e.  having 
more  eleCtric  fire  thrown  into  him  than  his  natural  quan¬ 
tity,  by  {landing  on  a  cake  of  wax,  or  a  glafs-footed  ftobl* 
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and  touching  an  electrified  conductor")  has  his  pulfe 
accelerated.  This  acceleration  has  been  found  of  great 
fervice  in  ohjiructions ,  rheumaiifms ,  palfees ,  &c.  and  the 
electrical  Jhock  has  been  ft  ill  more  fuccefsful  in  removing 
paralytic  complaints ,  deafnefs ,  taoih-ach ,  numbnefs ,  &3V* 
But  its  medical  qualities  have  not  y.et  been  well  ascertained- 
A  perfon  infulated  and  communicating  with  the  infulaled 
rubber,  lofes  his  natural  portion  of  electricity,  and  his 
pulfe  is  lowered. 

’The  ele  Ctrl  cal  fluid  always  gees  the  nearejl  way,  and 
chufles  the  heft  conductors .  A  chain  hung  on  a  wall,  and 
made  part  of  the  circuit  from  the  in  to  the  outflde  of  the 
charged  Leyden  vial,  is  luminous  when  the  vial  is  dif- 
charged,  and  (hews  the  road  taken  by  the  eledfrical 
fluid  :  but  if  a  flraight  wire  touch  the  two  ends  of  the 
chain,  the  chain  will  not  be  luminous,  for  the  fluid  will 
run  invifibly  through  the  wire,  as  being  the  nearer  road. 
If  the  wire  be  then  removed,  and  a  flick  put  in  its  place, 
the  chain  again  becomes  luminous  in  the  difeharge, 
as  the  fluid  will  rather  go  a  longer  diftance  than  paf§ 
through  a  bad  conductor. 

The  electrical  fluid  poured  on  the  infl.de  coating  of  a  Ley¬ 
den  vial ,  propels  an  equal  quantity  from  the  outflde .  i.  The 
outflde  coating  of  a  vial  being  pieces  of  tinfoil  not  touch¬ 
ing  one  another,  the  fire  will  be  feen  darting  from  one 
piece  to  another,  till  the  charge  is  compleated  :  when 
difeharged  the  fluid  will  return,  and  make  the  whole 
outflde  luminous.  2.  A  bottle,  coated  on  both  fades, 
haying  a  cap  cemented  on  its  neck,  with  a  valve,  and 
from  that  cap  a  pointed  wire  going  flraight  into  the  bot¬ 
tle  :  If  this  bottle  be  exhaufled  of  its  air,  the  vacuum 
will  be  found  a  good  conductor  5  and  when  the  cap  is 
held  to  the  prime  conductor,  flames  like  the  Aurora  borea¬ 
lis  will  iflue  from  the  point  of  the  wire  to  the  infide 
coating,  and  charge  it but  while  an  imperfedl  commu¬ 
nication 
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bication  is  made  between  the  negative  outfide  and  the 
pofitive  infide,  the  point  receives  the  fluid  and  exhibits 
only  a  flar  on  its  point : — Hence  a  receiving  point  always 
exhibits  a  filar,  and  a  delivering  point  flames  in  vacuo. 
A  vacuum  being  fo  good  a  conductor)  may  not  the  furfls 
heat  and  the  great  centrifugal  motion  of  the  equatorial 
parts  of  the  earth,  make  the  air  there  fo  thin,  as  to  become 
a  conductor  of  that  electric  matter  of  which  the  earth  is 
^he  known  refervoir  ?  and  being  thus  thrown  up  into  the 
upper  regions  of  the  atmofphere,  may  it  not  make  its 
way  towards  the  poles  where  the  fmall  degree  of  centri¬ 
fugal  force  is  friendly  to  its  reception  ?  Aiming  there¬ 
fore  at  a  point,  may  it  not  be  fo  far  concentrated  and 
condenfed,  as  to  become  vifible,  and  make  thofe  radical 
corufcations  we  call  Jlrenmers  f  for  eledtric  matter  dream¬ 
ing  through  highly  rarefied  air  exhibits'  the  very  fame 
appearance.  3.  On  the  cover  of  a  large  Leyden  jar  fix 
a  fmaller  jar,  fo  that  the  outfide  coating  of  the  final i 
jar  may  have  a  metallic  communication  with  the  in- 
fide  coating  of  the  larger  the  outfide  coating  of  the 
fmall  jar  becomes  a  conductor  to  the  infide  of  the  big 
one,  when  held  to  an  excited  prime  condudfor ;  if  when 
charged,  one  knob  of  the  difcharging  rod  be  applied  to 
the  negative  fide  of  the  large  jar,  and  the  other  applied 
to  the  knob  communicating  with  the  infide  of  the  fmall 
jar,  a  flafh  will  iflue  from  the  contadl  (being  the  natural 
ele&ricity  of  the  infide  coating  of  the  final!  jar)  and  by 
which  the  equilibrium  of  its  two  Tides  becomes  deft  roved. 
Electricity  will  then  rife  from  the  infide  of  the  large  jar 
upon  the  outfide  of  the  fmall  one,  and  a  communication 
between  the  outfides  of  the  two  jars  produces  another 
flafh.  By  repeating  this  twenty  or  thirty  times,  the 
whole  charge  of  the  lower  jar  will  be  taken  piecemeal 
out ;  and  prove  that  what  electricity  is  poured  on  one 
coating  of  a  jar  propels  a  like  quantity  from  the  other. 
4.  If  a  rod  of  wire,  18  inches  long,  having  a  light  knob 
at  each  end,  and  fufpended  on  an  infulated  point,  be 
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placed  fo  between  the  knob  of  a  charged  jar  and  a  metal 
pillar,  that  when  one  knob  touches  the  pillar,  the  other 
may  be  fix  inches  from  that  of  the  jar,  then  will  the  rod 
vibrate  between  the  jar  and  the  pillar,  taking  out  the 
electricity  fo  by  little  and  little,  as  to  acquire  ten  minutes 
to  compleat  the  difcharge.  5.  If  a  Leyden  vial  be  charg¬ 
ed  on  an  infulated  (fool,  having  two  pith  balls  hanging 
by  fine  threads  proje&ing  from  its  in  and  outfide  coatings, 
the  balls  communicating  with  the  pofitive  coating  will 
feparate  ;  if  then  a  finger  touch,  the  wire  on  which  they 
hang,  thefe  balls  will  clofe,  and  thofe  will  open  which 
communicate  with  the  negative  coating  ;  touch  that  wire 
and  the  negative  balls  clofe,  and  the  pofitive  balls  open, 
&c.  for  an  amazing  number  of  times  !  (hewing,  that  tho* 
glafs  will  not  conduct  electricity,  its  influence  can  opperate 
through  the  thicknefs  of  glafs.  6.  To  fuperinduce 
deCiricity  on  a  loofe  coating  laid  on  plate-glafs,  touch 
the  coating  with  the  knob  of  a  charged  vial,  then 
fhake  off  the  coating,  and  clap  an  infulated  metal  plate 
on  the  place,  touching  it  at  the  time  of  contact:,  then  lift 
up  the  plate,  and  it  will  give  a  fpark  to  the  knuckle ; 
place  it  on  the  glafs  again,  and  touch  and  remove  it 
as  before,  and  it  will  give  another  fpark,  and  continue  to 
do  fo  as  long  as  the  apparatus  is  kept  clean  and  dry  ; 
making  perpetual  ele&ricity,  by  which  vials  may  be 
charged,  inflammable  air-guns  fired,  &c.— « N.  B.  The 
plate  of  glafs  mud  have  a  fixed  coating  on  the  oppofite 
fide  to  the  loofe  one,  and  of  the  fame  fize.  This  appa¬ 
ratus  is  called  Electrophones  ;  and  often  inftead  of  glafs,  a 
plate  is  made  of  fulphur,  fhell-lac,  rofin,  & c.  7.  To 
prove  that  the  natural  ele&ricity  of  bodies  may  be  dis¬ 
turbed  by  the  near  approach  of  excited  eleclrics,  let  two 
projecting  arms  of  infulated  wood  have  flips  of  tinfoil 
glued  on  them  from  end  to  end,  and  pith  balls  hanging 
from  one  end  of  each ;  if  the  two  arms  be  placed  in  a 
line,  with  the  ball-end  of  one  touching  the  end  without 
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balls  of  the  other,  and  an  excited  ele&ric  be  held  with¬ 
in  an  inch  of  the  end  without  balls,  then  will  all  the  four 
balls  part  ; — <at  that  inftant,  if  one  hand  be  feparated 
from  the  other,  the  balls  of  one  will  be  found  in  a  nega¬ 
tive  and  the  other  in  a  pofitive  hate,  the  balls  fartheft 
diftant  from  the  excited  eleCfric  will  be  in  the  fame  hate 
as  the  eleCtric,  and  of  courfe  repelled  by  it ;  the  neared: 
attracted,  &c.  Hence  if  any  part  of  an  electrical  cloud 
comes  near  the  .earth,  it  will  difturb  its.  own  kind  of 
ele&ricity  in  the  earth,  and  drive  it  away ;  but  if  any 
other  part  of  the  cloud  comes  within  the  hriking  diftance 
of  any  conductor  to  the  earth,  —  the  cloud  will  be  dis¬ 
charged,  and  the  difturbed  electricity  will  return  with  a 
force  that  frequently  proves  fatal  to  animals  in  its  way. 

Electricity  is  applied  to  inflamed  eyes ,  tumours ,  &c,  by 
a  chain  coming  from  the  prime  conductor  ending  in  a 
point  of  hard  wood  j  the  point  is  held  near  the  part  by 
a  giafs  handle,  and  an  aura  ilfues  from  it  on  the.  fore,  that 
often  performs  a  cure.  2.  Paralytic  and  rheumatic  pa¬ 
tients  are  relieved  by  fhocks  fent  through  the  fide  affeCted. 
3.  Obftruclions  are  often  cured  in  the  female  fex  by 
pofitive  electrification,  /.  e,  by  placing  the  patient  on  an 
infulated  ftool,  communicating  with  the  prime  conduc¬ 
tor,  and  keeping  her  electrified  for  half  an  hour  together, 
eccafionally  drawing  fparks  from  her. 


LECTURE 


LECTURE  IX 


OPTICS. 

I  I 

Haii  holy  light  !  Offspring  of  heaven  /  Firjl  horn  ! 

Or  of  th ’  eternal  coeternal  beam  ; 

May  I  exprefs  thee  unhlanid? - —  Milton. 

HRHXS  modefly  of  the  poet  becomes  the  dignity  of 
to  diyine  a  fubjedf. — Light  is  the  bleffing  which 
gives  poignancy  to  all  others,  —  therefore  the  fcience  of 
optics ,  which  immediately  treats  of  it,  muff  reflet  part 
of  its  lullre  and  importance.  Plato  defines  light,  “  a  rare 
and fubtil flame  f  and  perhaps  it  is  but  diluted  or  very 
rare  phlogifton,  or  flame  in  a  ffate  of  great  thinnefs  or 
rarefaction.  May  it  not  be  the  inflammable  principle 
perpetually  let  loofe  from  the  fun,  and  occafionally  from 
other  luminous  bodies?  —  May  not  thefe  phlogiftic 
particles  flowing  from  the  fun,  enter  into  the  texture  of 
other  bodies,  give  them  the  power  of  inflammability, 
and  become  fixt  in  them,  till  let  loofe  by  the  contact  of 
bodies  in  actual  inflammation  ?  ---Or  finally,  that  the 
concreted  rays  of  the  fun  in  bodies  having  affinity  with 
them,  may  give  them  the  power  of  inflammability  uni- 
verfally  ?  Some  believe  light  to  exift  even  in  the  abfence 
of  a  luminous  body,  and  that  it  is  only  a  luminous  body 
that  puts  it  in  motion.  The  moll  general,  and  probable 
opinion  is,  that  it  flows  immediately  from  the  luminous 
body  in  firaight  lines,  in  all  manner  of  directions,  and 
confifts  of  particles  fo  infinitely  fmall,  as  to  exceed  all 
huaian  comprehenfion.  A  proof  of  this  fmallnefs  is, 
that  a  candle  will  fill  a  fphere  of  four  miles  in  diameter, 
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without  the  leaf!  fenfible  lofs  of  its  fubftance  :  And  if 
a  row  of  candles  Hand  parallel  to  a  black  paper ,  with  a 
pin-hole  in  it,  each  candle  (through  that  hole)  will 
make  a  feparate  fpeck  on  a  pajle-board  a  little  behind  it. 
Thefe  particles  by  finking  the  retina  of  our  eyes,  excite 
in  our  minds  the  idea  of  light:  And  when  they  fall 
upon  bodies,  and  are  by  them  relie&ed  to  our  eyes, 
they  excite  in  us  an  idea  of  thefe  bodies. 

In  a  room  perfectly  dark ,  if  the  hand  (or  any  thing) 
be  put  into  light,  and  then  taken  into  the  dark  room, 
it  will  be  luminous  feme  time,  as  if  covered  with  phof- 
phorus.---  Calcined  oyfter  fhells  taken  out  of  the  light 
into  the  dark  room,  exhibit  the  colours  of  the  rainbow, 
fhewing  that  light  Hriking  upon  bodies,  excites 
their  latent  light,  and  makes  it  vifible,  as  one  candle  is 
lighted  from  another. 

We  cannot  fee  through  the  bore  of  a  bended  pipe; 
which  proves  that  light  moves  in  Hraight  lines  in  every 
medium  of  uniform  denfity .  But  when  they  pafs  obliquely 
out  of  one  medium  into  another,  which  is  either  more 
denfey  or  more  rarey  they  are  refracted ,  or  bent  towards 
the  denfer  medium,  more  or  lefs,  as  they  fall  more  or 
lefs  obliquely  on  its  furface.  To  prove  which,  put  a 
/hilling  in  the  bottom  of  an  empty  veffel  ;  Hand  fo  far 
from  it  that  the  veflel  may  hide  the  fhilling;  if  water 
be  then  poured  into  it  the  fhilling  will  again  be  feen. 
Hence  we  are  deceived  in  the  depth  of  water  :  A  Hraight 
Hick  put  into  water  will  appear  crooked  ;  and  hence 
the  fun's  rays  being  broken  by  paffing  thro’  our  atmo- 
fphere,  we  fee  him  in  the  horizon ,  before  he  rifes,  and 
after  he  fets  in  it.  When  rays  fall  perpendicularly  on 
any  medium,  they  pafs  Hraight  through  without  any 
jrefradtion. 
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Glafs  is  generally  ground  into  eight  different  fhapes 
for  optical  purpofes.  i.  A  plane -glafs,  is  flat  and  even 
on  both  Tides,  and  of  an  uniform  thick nefs  ;  will  re- 
fradt  the  rays  of  light,  but  not  collect  them  into  one 
focus.  2.  A  plano-convex is  flat  on  one  tide,  and  con¬ 
vex  on  the  other.  When  parallel  rays  fall  directly  upon 
it,  they  pafs  through  it,  and  are  fo  refracted,  as  to  unite 
in  a  point  called  its  focus,  jufl  fo  far  behind  it,  as  is 
equal  to  the  diameter  of  the  fphere  of  which  it  is  a  part* 
3.  A  double-convex ,  is  convex  on  both  Tides;  Parallel 
rays  palling  through  it  converge  or  meet  in  a  focus,  at 
half  the  diftance  they  do  through  the  plano-convex ;  and 
as  the  heat  of  all  thofe  rays  are  collected  in  that  focal 
point,  it  will  burn.  4.  A  plano-concave  is  flat  on  one 
fi  e  and  concave  on  the  other.  5.  The  double-concave 
is  hollow  on  both  tides,  and  parallel  rays  pairing  through,, 
diverge  or  fpread  out  agreeable  to  the  laws  of  refraction* 
6.  A  me  nl feus -glafs  is  convex  on  one  Tide,  and  concave 
na  the  other.  7.  A  fiat  piano- convex ,  or  multiplying- 
giafs,  has  its  convex  Tide  ground  into  feveral  fiat  fur- 
faces.  And,  8.  The  prifm  has  three  fiat  Tides,  and 
viewed  endwife  appears  like  an  equilateral  triangle* 
The  prifm  held  obliquely  to  a  ray  of  light  in  a  dark 
room,  will  ’  affect  its  fmallefl  particles  the  mo  ft ,  and 
£hcW  them  to  be  a  fine  indigo  colour  ;  it  will  afiemble  the 
next  in  iize  clofe  to  the  firfl:,  and  fhew  them  to  be  of 
a  violet  colour  \  the  next  blue ;  the  next  green  ;  the  next 
yellow  ;  then  orange ;  and  at  laft  the  red ,  Which  con  Tiffs 
of  the  large!!  particles,  and  therefore  by  the  momentum 
of  their  motion,  the  leaf!  capable  of  being  attracted  out 
of  their  way.  ?Tis  wonderful  that  thefe  colours  occupy 
lpaces  on  the  fereen  on  which  they  are  thrown  by  the 
prifm,  exactly  proportionate  to  the  diatonic  fcaie  of  the 
/even  notes  of  mujic  !  If  in  the  rays  To  divided  a  double-convex 
lens  be  put,  it  will  bring  them  into  one  point  that  fhall 
be  perfectly  white  j  which  accounts  for  the  zvbite  appear¬ 
ance 
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ance  of  the  atmofphere,  becaufe  rays  are  fo  well  mixed  in  it. 

As  white  is  therefore  a  compofttion  of  all  colours,  fo  black 
is  a  privation  of  them  all,  and  properly  no  colour,  and  fuch  a 
blank  exifts  in  the  fpace  above  our  atmofphere  :  In  looking 
up  therefore  we  fee  what  is  called  the  blue  Jky ,  a  colour  natu¬ 
rally  refulting  from  the  mixture  of  black  and  white,  through 
which  we  look.  All  bodies  appear  of  that  colour  whofe  rays 
they  reflect  moft  ;  as  a  body  is  red  when  it  reflects  the 
redrays ,  and  abforbs  the  reft.  Two,  or  more,  colours 
that  are  quite  tranfparent  by  themfelves,  become  dark 
when  put  together.  Thus,  if  fplrits  of  wine  be  tinged 
red ,  and  put  in  a  fquare  bottle,  every  objeCt  feen  through 
it  will  be  red ;  becaufe  it  only  fufters  the  red  rays  to  pafs 
through  it,  and  flops  the  reft.  If  another  bottle  be 
tinged  blue,  all  objects  viewed  through  it  will  be  blue  for 
the  fame  reafon  :  But  if  the  two  bottles  be  held  together, 
the  object:  can  no  more  be  feen  through  them  ;  for  what¬ 
ever  rays  pafs  through  the  bottle  next  the  eye  will  be  flop¬ 
ped  by  the  other,  &c.  Rays  of  light  fufxer  different 
degrees  of  refraction,  by  falling  more  or  lefts  obliquely  on 
the  prifm ,  a  convex  lens ,  &c.  and  are  thereby  feparatpd  as 
above  ;  this  happens  to  them  in  palling  through  drops  of 
falling  rain  :  For  being  reflected  towards  the  eye  from  the 
fldes  of  thofe  drops  which  are  fartheft  from  the  eye,  and 
again  refraSied  by  palling  out  of  thefe  drops  into  the  air, 
they  come  in  refracted  directions  to  the  eye,  and  make 
all, the  colours  to  appear  fucceftively  in  the  form  of  a  fine 
arch  in  the  heavens,  which  is  called  the  rainbozv  :  All 
drops  palling  through  an  ideal  plane  in  the  fhower,  refraCt 
a  certain  colour  to  the  eye— pa  fling  through  another  a 
little  lower  they  refract  another,  &c.  fo  the  bow  appears 
permanent. 

Light  is  reflected  by  the  repellent  quality  of  bodies,  and 
flies  back  from  polifhed  furfaces,  like  a  ball  thrown  againft 
an  hard  and  fmooth  plane  :  If  a  ftick  ftand  perpendieu- 
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larly  on  that  plane,  and  the  ball  be  thrown  obliquely  oil 
the  plane  near  its  foot,  it  will  rebound  on  the  other  fide 
the  flick,  and  form  an  angle  with  it,  equal  to  that  in 
which  it  was  thrown  $  the  firft  of  thefe  is  called  the  angle 
cf  incidence ,  and  the  other  the  angle  cf  reflection.  If  upon 
a  plane  looking- glafs  a  ray  falls  from  any  object,  if  a  perpen¬ 
dicular  be  erected  there,  and  the  eye  go  off  fuch  a  diftance 
as  to  form  the  fame  angle  on  the  other  fide  of  it,  the  ob¬ 
ject  will  be  feen  in  a  ftraight  line  behind  the  glafs,  —  for 
it  is  an  axiom  in  Optics,  that  we  always  fee  objects  in  that 
line  of  rays  that  come  to  the  eye  lafl.  Hence  I  fee  my  whole 
perfon  in  a  glafs  but  half  its  length  ;  for  the  rays  from  my 
feet  frriking  upon  the  bottom  of  the  mirror,  will  form  the 
angle  of  reflection  in  my  eye  the  fame  as  if  it  was  the  whole 
length,  &c.  Hence  aifo  the  effects  of  diagonal  mirrors ,  opera 
ghaffeSy  cameras ,  & c.  Parallel  rays  falling  on  a  concave  mirror 
will  be  reflected  alfo  agreeable  to  thofe  angles ,  and  meet 
in  a  point  at  half  the  difhnee  of  the  mirror,  from  the 
centre  of  its  concavity ;  if  the  rays  proceed  from  an  hot 
fun,  his  image  will  likewife  be  found  in  that  point,  and 
burn.  The  rays  which  proceed  from  any  terreflrial  object , 
come  diverging  to  the  mirror,  and  therefore  will  not  be 
converged  to  a  point  at  half  the  diftance  of  the  mirror's 
furface  from  the  centre  of  its  concavity,  but  nearer  to  that 
furface  ;  the  image  will  be  lets  than  the  object ,  but  will 
be  feen  inverted ,  and  hanging  pendant  in  the  air,  quite 
cMinff  by  an  eye  placed  oppofite  the  mirror.  If  the 
abject  be  in  the  centre  of  the  mirror’s  concavity ,  the  image 
and  object  will  be  together ,  and  of  equal  bulk:  Therefore 
when  the  object  is  more  remote  than  the  centre  of 
concavity,  the  image  will  be  lej's  than  the  object ,  and  be¬ 
tween  the  object  and  mirror ;  But  when  the  object  is 
nearer  than  the  centre  of  concavity,  the  image  will  be  more 
remote ,  and  bigger  than  the  objedt.  The  angles  of  inci¬ 
dence  and  reflection  alfo  account  for  the  j, mall  image  in  a 
j&yvex  mirror. 

The 
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The  human  eye  is  lodged  in  a  bed  of  fat,  and  'fecured  in 
sn  hollow  orb  of  bone  ;  —  his  moved  by  fn ufcles  which 
adt  on  its  outfide  like  pullies ,  and  confifts  of  four  coatsf 
and  three  humours.  The  coat,  in  which  the  back  part  of 
the  eye  is  contained,  is  called  the  flier  otica  ;  it  is  a  large 
portion  of  a  globe ,  very  ftfong,  and  of  a  non-elaflic  nature  ; 
—  -that  part  which  completes  the  globe  on  the  fore-part  of 
the  eye,  is  the  cornea ;  it  bulges  a  little  forward  out  ot 
that  fhape,  and  is  a  fine  tranfparent  membrane.  Next 
within  the  fcl erotica  is  that  called  the  chor aides ,  which 
ferves  as  it  were  for  a  j "oft  lining  for  the  other  ;  and  within 
this,  is  fpread  a  fine  expanlion  of  the  optic  nerve,  like  a 
net,  called  the  retina ,  upon  which  are  painted,  as  in  a 
camera  obfeura ,  the  images  of  all  viflhle  objects ,  by  the  rays 
of  light  that  flow  from  them  :  The  iris  is  composed  of  two 
fets  of  mufeuiar  fibres,  which  dilate,  or  contraS  the  hole 
in  it  called  the  pupil ,  fo  as  to  adapt  it  to  a  flrong  or  weak 
light.  The  adnata ,  or  conjunctiva ,  is  the  white  of  the 
eye,  a  fine  membrane  ihzl  folds  under  the  eye-lid ,  and  joins 
to  it.  Under  the  cornea  is  a  fine  tranfparent  fluid  like 
water,  and  thence  called  the  ■aqueous  humour :  It  gfives 
the  protuberent  figure  to  the  cornea,  and  goes  through 
the  pupil.  Behind  this  lies  the  cryflalline  humour ,  fhap^d 
like  a  double-convex  glafs,  tranfparent  as  cryftal,  of 
the  confidence  of  hard  jelly,  and  which  converges  the 
rays  that  pafs  through  it  to  a  focus  oil  the  retina .  It  is 
inclofed  in  a  fine  tranfparent  membrane,  from  which  pro¬ 
ceed  radical  fibres  called  the  ligamentum  ciliare ,  all  round 
its  edge,  and  joined  to  the  out  edge  of  the  iris  :  1  hefe 
fibres,  by  a  power  of  contracting  and  dilating,  alter  the 
convexity  of  the  cryflalline  humour ,  and  fhift  it  a  little 
backward  or  forward  in  the  eye,  to  fuit  it  to  the  different 
difiances  of  objects  ( an  admirable  provifion  ! )  The  cry- 
Jlalline  humour  is  bedded  on  the  vitreous  humour ,  which 
fills  the  whole  orb  of  the  eye,  and  is  tranfparent  like 
glaff^  the  largefi  of  all  in  quantity,  and  is  much  of  % 
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confidence  with  the  white  of  an  egg.  The  optic  nerve 
comes  from  the  brain ,  through  the  fclerotica  and  chor aides , 
on  that  fide  the  eye  next  the  nofe ;  and  is  inclofed  on  the 
outflde  the  eye  by  coats  proceeding  from  the  pi  a  and  dura 
mater ,  and  of  which  the  fclerctica  and  choroides  are  but  a 
continuation.  Thefe  are  the  parts  of  this  wonderful 
organ. 

Rays  from  any  object  dream  upon  the  retina ,  and  there 
paint  it  invertedly,  as  may  be  feen  by  cutting  off  the  three 
coats  from  the  back  part  of  a  frelh  bullock’s  eve,  and 
putting  a  piece  of  white  paper  over  that  part  :  If  the  eye 
is  then  held  before  any  bright  object,  an  inverted  pic¬ 
ture  of  it  will  be  painted  on  the  paper.  The  optic  nerve 
indoles  a  blood-vejjel ,  which  renders  ohjeds  invifible  that 
fall  on  it ;  how  wifely  therefore  is  it  placed  on  one  fide 
of  each  eye  1  that  the  fame  parts  of  an  image  which  fall 
on  the  optic  nerve  of  one  eye  fhould  not  fall  oil  the  other  ! 
If  three  patches  are  placed  at  a  foot  diftance  from  each 
other  on  a  wall,  if  the  right  eye  be  covered,  and  the  left 
look  ftedfaftly  at  the  right-hand  patch,  that  on  the  left 
hand  will  difappear,  becaufe  it  falls  on  the  artery  in  the 
|>ptic  nerve. 

The  nearer  any  object  is  to  the  eye,  the  larger  is  the 
angle  ,-under  which  it  is  feen ;  therefore  an  object  looks 
twice  larger  at  one  than  at  two  miles  diftance.  Hence 
the  ufe  of  convex  glajfes^  which,  by  increafing  this  angle, 
make  minute  objects  vifible ;  and  when  the  humours  are 
grown  fo  fiat  in  decayed  eyes,  that  the  pidure  falls  behind 
the  retina,  can  bring  the  rays  to  converge  fo  that  the 
picture  lhall  be  brought  back  as  it  were  to  the  retina. 
Hence  alfo  the  reafon  that  the  too  round  eye  requires  the 

,  '  e  .concave.  glafs,  by  its  divergency,  to  remove  the 
:  '  w  from  the  vitreous  humour  forward  to  the  retina. 
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The  fingle  mlcrofiope  is  only  a  fmall  convex  glafs,  hav¬ 
ing  the  object  placed  in  its  focus,  and  the  eye  at  the  fame 
diftance  on  the  other  tide.  Its  magnifying  power  is  thus 
calculated  :  A  good  eye  cannot  fee  any  objedl  diftindfly 
at  lefs  than  fix  inches  diftance  ;  if  this  be  divided  by  the 
focal  diftance  of  the  glafs,  the  quotient  will  be  how  much 
the  diameter  of  the  objedl:  is  multiplied. 

The  double  mlcrofcope  confifts  of  an  oh] eft  glafs  and  an 
eye  glafs ,  between  which  the  image  is  formed  and  magni¬ 
fied,  by  having  the  object  a  little  further  from  the  object 
glafs  than  its  principal  focus  ;  this  image,  brought  fo 
near,  is  viewed  by  the  eye  through  the  eye  glafs.  If  each 
glafs  magnifies  fix  times  (as  by  the  laft  calculation)  then 
is  the  object  magnified  thirty -fix  times  by  both.  This 
inftrument  is  equipt  with  a  mirror  which,  by  the  angle  of 
incidence  and  reflection^  throws  up  light  on  the  underfide 
the  objedt  5  which  objedt  being  placed  in  the  focus  of  a 
moveable  lens ,  has  its  upperfide  enlightened  alfo. 

The  filar  micro f cop  e'^  placed  in  a  round  hole  ip  a  fhutter 
that  only  admits,  into  a  dark  room,  a  fmall  cylinder  of 
rays  ;  that  thcfe  rays  may  be  fent  ftraight  through  the 
tube,  a  plain  mirror  on  the  outfide  is  fo  fixed  as  to  reflect 
them  in  •  they  then  pafs  thro’  a  large  convex  lens  ;  after 
which,  they  fall  upon,  and  enlighten  the  objedf,  which  is 
placed  in  the  focus  of  a  fmall  magnifier ,  through  which 
they  carry  a  large  inverted  image  of  the  objedl  to  a  white 
fheet,  placed  at  any  diftance  for  its  reception. 

A  ref  rafting  telefcope  may  be  made  of  two  convex  fiafifes^ 
viz.  an  object  glafs  and  an  eye  glafs ,  if  the  focus  of  the  eye 
glafs  be  in  the  fame  part  of  the  tube  where  the  image  is 
formed  by  the  object  glafs ;  but  then  the  image  will  be 
inverted  and  therefore  ’tis  only  fuitable  for  celeftial  ob- 
jedls.  The  magnifying  power  of  this  telefcope  is  as  the 
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focal  didanee  of  the  object  glafs  to  the  focal  difcance  of  the 
eye  glafs :  Therefore  if  th t  former  be  divided  by  the  latter , 
the  quotient  will  exprefs  the  magnifying  power,  and  lhew, 
that  if  the  focal  didance  of  each  were  alike ,  the  magnifying 
power  of  the  telefcope  would  be  nothing  ;  and  that  this 
magnifying  power  will  increafe  with  its  length,  for  the 
greater  the  focal  didance  of  the  obje£i  glafs,  the  lefs  may 
be  the  focus  of  the  eye  glafs. 

A  refracting  telefcope ,  that  will  fhew  objects  in  their 
natural  pofture,  mud  have  two  equal  convex  glaffes  added 
to  the  eye  glafs,  and  all  three  mud:  dand  at  double  their 
focal  diitances  from  one  another.  As  thefe  three  do  but 
as  it  were  compofe  one  eye  glafs,  the  magnifying  power 
of  this  telefcope  may  be  calculated  as  the  lad. 

Dollond's  patent  telefcope  is  formed  en  the  fame  princi¬ 
ples,  only  its  obje£l  glafs  is  much  larger,  is  com- 
pofed  of  two  joining  glaffes  of  different  denfities,  one  a 
plano-concave ,  and  the  other  a  double  convex  that  fits  into 
the  other’s  concavity.  Thefe  make  the  field  of  view 
larger,  and,  by  taking  off  the  coloured  rays,  the  image 
becomes  bright,  and  quite  didinef  :  For  as  the  rays  which 
pais  through  the  edge  of  a  convex  glafs  are  more  unequally 
refracted  than  thofe  that  pafs  nearer  its  puddle,  they  don’t 
meet  in  the  fame  point,  but  form  a  circle  of  prifmatic 
colours  round  the  image  :  In  the  common  telefcope  thefe  are 
partly  taken  off  by  a  black  plate  fixed  in  the  tube,  with  an. 
hole  through  its  centre ,  but  the  patent  glafs  does  this 
much  more  effedlually. 

The  reflecting  telefcope  exceeds  all  others  in  its  magni¬ 
fying  power  and  portable  five ;  and  its  outward  figure 
confids  of  a  great  and  fmall  tube,  ferewed  into  the  end 
of  one  another.  At  the  bottom  of  the  great  tube  is 
placed  the  large  concave  mirror,  with  an  hole  through  its 
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middle.  Parallel  rays  from  celeftial  objects  falling  on  this 
mirror,  are  reflected  back  by  it,  and  form  the  image  a 
little  fhort  of  the  fmall  concave  ?nirror  which,  faces  the  hole 
in  the  large  one.  Frojn  this  image  the  rays  diverge  to 
the  fmall  mirror,  and  are  from  thence  reflected  parallel, 
and  inverted  into  the  fmall  tube,  through  the  hole  in  the 
large  mirror  :  here  meeting  with  a  convex  lens,  they  are 
fo  refracted  as  to  form  the  image  in  the  f 'mall  tube .  The 
image  being  now  brought  fo  near ,  requires  nothing  but  a 
fingle,  or  compound,  eye  glafs  to  fend  it  duly  magnified 
to  the  retina.  Rays  from  any  teireftrial  obje£t  will  not  come  ** 
■parallel  but  converge  a  little  ;  hence  the  image  is  formed 
nearer  the  great  mirror,  and  therefore  a  fcrew  is  fixed  to 
the  fmall  mirror,  on  the  outfide  the  tube,  to  adjuft  it  to 
it ;  and  alfo  to  the  greater  or  lejjer  convexity  of  different 
eyes.  Mr.  Herfchal’s  reflector  is  formed  on  the  Newto¬ 
nian  plan,  viz.  its  great  mirror  is  not  perforated,  and 
therefore  its  image  is  received  by  a  plane  mirror  placed 
diagonally  within  the  tube,  and  which  fends  that  image 
through  the  magnifying  or  microfcopic  part  fixed  perpen¬ 
dicularly  in  the  tube.  The  excellence  of  this  inftrument 
confifts  in  the  curvature  and  polijh  of  its  great  mirror, 
which  forms  the  image  of  the  object  looked  at  fo  perfefty 
that  a  magnifying  power  of  6,500  can  be  applied  to  it. 

The  diagonal  mirror ,  for  viewing  prints,  is  a  pleafing 
inftrument.  If  a  plane  mirror  be  placed  at  an  angle  of  45 
degrees  above  a  print  lying  horizontal  and  inverted,  it  wilj 
turn  the  rays  reflected  from  the  print  into  an  horizontal 
direction  to  the  eye ;  II  then  a  large  convex  lens  be  placed 
between  the  eye  and  the  mirror,  the  pi£ture  will  be  pro- 
digioufly  magnified  5  and  if  an  affemblage  of  Jhell-work 
environ  the  view  between  the  print  and  the  mirror ,  the 
picture  will  have  a  beautiful  frame  to  it. 

A 
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The  camera  obfcura  is  formed  pn  the  fame  principles. 
A  diagonal  mirror  is  fet  at  the  fame  angle  again  ft  the  land¬ 
scape,  and  reflects  it  downwards  through  a  convex  lens  into 
a  dark  box ,  where  it  is  painted  on  a.  whits  paper  placed  in 
the  focus  of  the  lens,  and  on  which  a  hand  put  into  the 
box  may  draw  the  landfcape  to  the  minuted  exadtnefs. 

The  opera glafs  is  alfo  formed  of  a  fmall  diagonal  mir¬ 
ror,  which  fends  the  rays  through  a  convex  glafs  to  the 
eye.  Through  this  a  gentleman  may  look  at  a  diftant 
lady  in  the  company,  and  the  lady  know  nothing  of  it. 

The  magic  lanthorn  is  formed  on  the  fame  principles  as 
the  folar  micro/ cope;  a  candle  fupplies  the  place  of  the 
fun  ;  and  having  its  rays  tinged  with  the  colours  of  tranf- 
parent  figures  painted  on  glafis ,  throws  them  through  two 
convex  lenfes  on  a  whitewall  in  a  dark  room,  Drodisioufiv 
magnified. 


L  E  C  T  U  R  E  X. 

V  S  E  of  the  GLOBE  S. 

i 

^7  HEN  a  (hip  approaches  us  at  fea,  the  firft  part  of 
her  we  fee  is  her  upper  fails,  after  that  we  fee  her 
lower  fails ,  and  then  the  hull: — ’Tis  evident  (he  moves 
on  a  round  furface  or  we  fhould  fee  the  whole  at  a  time. 
In  failing  from  capes  we  lofe  fight  of  them  firft  at  the 
bottom ,  then  the  middle y  and  at  lad  the  top  difappears. 
Thefe  effects  are  in  all  parts  of  the  world.  Several  per- 
fons  have  failed  round  the  earth.  And  all  the  bodies  in 
the  fyftein  are  round.  Hence  we  conclude  that  the  earth 
is  a  globe  alio. 
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The  earth’s  roundnefs  is  no  more  affie&ed  by  the 
largeft  mountains,  than  the  roundnefs  of  a  common 
globe  is  by  a  few  grains  of  duff  thrown  upon  it  ;  for 
they  bear  no  greater  proportion  to  its  bulk.  It  is  7,970 
miles  in  diameter  :  Near  100  millions  of  miles,  from  the 
fun  :  Moves  round  him  in  365  days  5  hours  and  49  mi¬ 
nutes,  at  the  rate  of  60,000  miles  an  hour  ;  and  turns 
round  upon  its  axis  every  24  hours,  from  weft  to  eaft, 
which  makes  all  the  heavenly  bodies  feem  to  turn  round 
the  contrary  way,  or  from  eaft  to  weft. 

The  particles  of  which  the  earth  is  compofed  would 
fly  into  confufion,  if  not  held  together  in  the  form  of  a 
globe  by  th  z  pozver  of  gravitation *  ?Tis  this  power  which 
gives  weight  to  all  bodies,  or  that  tendency  they  have  to¬ 
wards  the  centre  of  the  earth.  Hence  the  general  top  of 
the  earth  becomes  its  whole  furface,  and  the  general 
bottom  its  centre.  The  Antipodes  are  therefore  as  much 
on  the  top  as  we.  But  as  the  parts  of  the  earth  are 
loofe,  the  violent  mdtion  it  has  on  its  axis  will  in  fome 
degree  overpower  even  the  force  of  gravity,  and  accumu¬ 
late  .more  matter  round  the  Equator ,  becaufe  the  centri¬ 
fugal  force  is  greateft  there  ;  hence  the  true  figure  of  the 
earth  is  an  oblate  fpheroidy  or  like  an  orange,  35  miles 
more  in  diameter  at  the  equator  than  at  the  poles.  This 
was  proved  by  an  adlual  menfuration,  and  is  explained 
by  the  whirling  rings. 

This  oblate  figure  proves  its  diurnal  motion  ;  if  it  was 
at  reft  it  would  be  neceftariiy  a  perfedf  fphere.  We  per¬ 
ceive  not  this  motion,  becaufe  the  ah\  in  which  we  live, 
partaking  of  the  general  gravitation,  is  carried  round 
along  with  the  earth.  When  a  ftiip  turns  round,  if  we 
look  out  at  the  cabin  windows,  we  believe  ourfelves  at 
reft,  and  the  neighbouring  country  turning  round  us  ; 
—we  are  deceived  in  like  manner  in  the  motion  of  the 
earth. 
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Where  there  is  no  reflection  from  contiguous  obje&fc^ 
a  globe  can  but  be  one  half  enlightened  by  a  luminous 
body;  hence,  if  a  globe  turns  round,  there  mu  ft  be  a 
fuccefiion  of  light  and  darknefs,  or  day  and  night,  to  its 
inhabitants. 

Had  a  globe  no  other  motion,  there  could  be  no  variety 
in  its  feafons  or  length  of  days.  As  gravity  decreafes 
according  to  the  fquares  of  the  diftances,  it  follows  that 
if  one  body  move  round  another  as  its  centre  of  motion, 
the  fquare  of  its  periodic  times  will  be  as  the  cube  of  its 
diftance  from  that  body  ;  this  holds  precifely  with  re¬ 
gard  to  the  planets  and  their  moons.— —The  planets 
fometimes  appear  to  Jlana  fill ,  fometimes  to  go  backwards 
this  muft  always  be  the  cafe  where  one  body  moves  nearly 
in  the  fame  plane,  and  circular  withirt  that  of  another 
moving  body.  The  eclipfes.of  Jupiter's  fatellites  ap¬ 
pear  later  to  us  by  16  minutes  at  one  time  of  our  year 
than  at  another.  *Tis  matter  of  obfervation  that  all  the 
planets  revolve  round  the  fun.  From  all  which  we  are 
certain  that  the  earth  goes -round  the  fun,  and  not  the  fun 
round  the  earth.. 

* 

We  know  the  path  our  earth  defcribes  in  the  heavens, 
by  obferving  that  which  the  fun  feems  to  defcribe  in  the 
oppofite  part  of  the  heavens.  We  find  one  ftar  without 
any  apparent  motion,  fituated  23  degrees  and  a  half  from 
the  axis  of  this  orbit,  and  which  is  occafioned  by  being 
©ppofite  to  one  of  the  poles  of  our  earth,  and  thence 
called  the  polar  ftar  ;  hence  we  difcover  that  fublime  con¬ 
trivance  the  inclined  axis  fof  the  earth,  which  keeping 
always  parallel  to  itfelfy  occafioning  the  different  feafons, 
and  different  lengths  of  day  and  night;  diffufing  equal¬ 
ly,  over  the  face  of  both  hemifpheres,  the  bleftings  of 
the  fun. 

The 
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The  axis  fo  difpofed  will  nec6:Tarily  bring  the  north® 
y©rn  and  fouthern  parts  of  the  earth  alternately  to  the  fun, 
therefore  when  it  isfummer  in  the  north  it  will  be  winter 
in  the  fouth ,  and  vice  verfa.  So  far  on  each  fide  the 
equator  as  the  fun  at  any  time  of  the  year  fhines  vertical¬ 
ly,  is  called  the  torrid  zone ,  and  it  is  bounded  by  two 
imaginary  lines  ;  that  to  the  north  is  called  the  tropic  of 
cancer ,  and  that  to  the  fouth,  the  tropic  of  capricorn . 
When  the  fun  fhines  vertically  over  the  firft,  he  mult 
fhine  23  degrees  and  a  half  further  than  the  north  pole, 
and  will  not  therefore  fet  for  many  days  together  to  the 

inhabitants  of  the  north  friyid  zone^ — but  it  will  be  then 

1  J  f  3 

total  darknefs  (the  fame  time)  to  thofe  of  the  fouthern 
frigid  zone  ;  hence  the  poles  inuft  but  have  one  day  and 
one  night  in  the  year.  Thefe  two  zones  are  bounded  by 
lines  alfo,  the  north  called  the  artic ,  the  fouth  the  aut¬ 
arkic  circle.  The  intermediate  fpaces  between  the  tor¬ 
rid  and  frigid  zones  are  called  the  temperate  zones • 

In  the  northern  hemifphere  the  vernal  equinox  (or  * 
equal  day  and  night  in  the  fpring)  is  on  the  20th  of' 
of  March  ;  and  the  autumnal  equinox  is  on  the  23d  of 
September  :  In  the  fouthern  .hemifphere  the  contrary. 

At  the  equinoxes  the  fun  fhines  over  the  equator;  at  the 
folfiices  he  is  23  degrees  and  a  half  from  the  equator. 

\ 

The  meridian  of  any  place  is  a  femicircle  palling 
through  it,  cutting  the  equator  at  right  angles,  and  ter¬ 
minating  in  the  poles.  The  earth’s  circumference  is 
360  degrees,  each  near  70  Englifh  miles,  and  as  the  earth 
turns  round  its  axis  in  24  hours,  each  meridian  revolves 
15  degrees  in  an  hour,  for  24x15=360.  Therefore 
every  place  to  the  eafiward  of  another  has  its  hours  foon- 
^er ;  if  wejlward ,  fo  much  later. 

The  longitude  of  any  place  is  the  number  of  degrees 
-between  its  meridian,  and  the  meridian  of  any  place,  from 

L  2  whence 
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whence  the  longitude  is  reckoned,  and  is  deemed  eafi  qr 
weft  according  as  it  is  fituated.  The  eciipfes  of  Jupiter's 
fatellites  afford  a  method  of  finding  the  longitude,  thus; 
fuppofe  an  eclipfe  of  any  fatelliie  happens  in  London  at  fix 
in  the  morning,  and  that  it  is  feen  at  another  place  at  four 
in  the  morning,  the  difference  -of  time  is  two  hours, 
which  anfwers  to  30  degrees  weft  of  London.  Thefe 
obfervations  the  motion  of  a  (hip  hinders  from  being  made 
at  fea; — and  hence  may  be  perceived  the  extreme  utility 
of  a  regular  time-keeper. 

The  latitude  of  a  place  is  fo  many  degrees  as  it  is  from 
the  equator;  if  to  the  north,  it  is  faid  to  be  in  north  lati - 
tilde ;  if  to  the  fouth  of  the  equator,  in  fouth  latitude  \ — ■ 
hence  by  the  lines  of  latitude  and  longitude,  the  face  of  a 
globe  is  covered  with  imaginary  fqtiares ,  by  which  the 
fituation  of  every  fpot  on  the  face  of  the  earth  is  as  ex- 
acftly  afcertained  as  the  parts  of  an  eftate  are  by  its  hedges 
and  ditches. 

*  V 

The  rational  horizon  of  a  place  extends  90  degrees  from 
it  on  all  fides.  The  fenftble  horizon  is  the  boundary  of  the 
obferver’s  fight. 

k  '  .  .  , 

v 

The  ecliptic  is  that  circle  in  the  heavens  through  which 
the  earth  makes  its  revolution  round  the  fun,— and  it  is 
diftinguifhed  by  confpicuous  fixed  flars  called  figns  or  con- 
flellations,  fuch  as  Aries ,  Taurus,,  Gemini ,  Cancer ,  Leo , 
&c>  The  zodiac  extends  to  eight  degrees  on  each  fide  of 
the  ecliptic,  and  with  it  round  the  heavens. 

The  four  continents  of  the  earth  are  Europe ,  Afta , 
Africa ,  and  America .  The  oceans  are  the  JSforthern ,  the 
Atlantic ,  the  Ethiopic ,  the  Indian ,  the  Pacific ,  and  the 
Southern  Oceans .  The  unknown  parts  of  the  earth  con¬ 
tain  160,566,276  fquare  miles;  the  inhabited  parts 
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.08,990,569,  i.  e.  Europe  4,456,065  ;  Afia  10,768,823 ; 
Africa  9,654,807;  America  14,110,874.  In  all 
199,556,845;  which  is  the  number  of  fquare  miles  on 
the  whole  furfaceof  our  globe. 

' 

When  a  round  ball  has  the  different  countries,  king¬ 
doms,  towms,  and  rivers  delineated  upon  it  agreeable  to 
their  lituations,  it  is  a  reprefentatio.n  cf  the  earth.  If  an 
hollow  fpherical  ball  could  have  the  fixed  liars  properly- 
marked  on  its  infide,  with  the  fun,  moon,  and  planets, 
it  would  be  a  representation  of  the  heavens  to  an  eye  placed 
in  its  centre  ;  but  this  being  inconvenient,  the  fixed  flars 
are  placed  on  an  opake  globe,  and  the  fun  and  planets  re- 
prefented  by  patches  placed  on  the  ecliptic,  becaufe  they 
are  continually  changing  their  places. 

1 

L  E  C  T  U  R  E  XI. 

/  *  '  - 

-* 

On  the  MOO  N,  &c, 

HHHE  moon  is  no  planet,  but  only  a  fateilite,  or  an  at> 
tendant  on  the  earth.  The  farther  any  planet  is 
from  the  fun,  the  moreoccafion  it  has  for  fuch  an  help  to 
its  light  ;  hence  Mercury  and  Venus  are  without  moons, 
as  being  near  the  fun;  but  Jupiter  has  four,  and  Saturn 
five,  becaufe  of  their  diftance  from  it. 

/ 

The  moon’s  face  abounds  with  great  inequalities ,  and 
hence  file  reflects  a  more  chaffe  and  agreeable  light  than  if 
her  furface  was  fmooth.  She  always  keeps  the  fame  face 
towards  us  ( fome  fay  becaufe  the  quality  of  that  fide  of 
her  is  more  adapted  to  catch  the  attraction  of  the  earth 
than  the  other)  and  confequently  muft  turn  once  round 
pn  her  axis,  while  Ihe  goes  once  round  the  earth  in  her 

orbit. 
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orbit.  Her  periodical  revolution ,  or  time  of  going  round 
from  one  point  of  her  orbit  to  the  fame  point  again,  is 
27  days  7  hours  43  minutes  :  But  her  fynodical  revolution^ 
or  time  from  change  to  change,  is  29  days  12  hours  44 
minutes ; — this  difference  is  caufed  by  what  the  earth  has 
advanced  in  the  ecliptic  during  that  time,  which  is  29 
one-tenth  degrees.  ( lilujiraied  by  the  Orrery  and  Fergu - 
Jon's  paradox.) 

The  moon’s  diftance,  found  by  her  parallax,  is  240,000 
miles.  Her  diameter  2180  miles,— and  die  moves  about 

s 

2290  miles  every  hour. 

The  moon  .has  no  light  of  her- own,  but  only  refle&s 
the  beams  of  the  fun,  as  a  polhhed  body  does  the  light  of 
a  candle  hence,  as  (lie  is  a  globe,  we  muft  fometimes 
ice  more  fometimes  lefs  of  her  enlightened  fide,  viz.  when 
fhe  is  between  us  and  the  fun,  her  dark  fide  is  towards 
us,  and  therefore  file  difappears ;  as  fhe  advances  forward 
we  fee  a  ftnall  past  of  her  enlightened  fide,  and  call  it  the 
new  moon  ;  before  next  evening  (he  is  got  a  few  degrees 
farther  to  the  eaft  and  we  fe&more  of  her  illumin’d  fide  ; — 
every  evening  we  find  her  advanced  till  file  rifes  in  the 
eaft  in  oppofition  to  the  fun  in  the  weft,  and  then  her 
whole  enlightened  face  is  towards  us,  and  we  fay  fhe  is 
at  the  full ;  her  decline  is  from  the  fame  reafons ;  and  a 
ball  over  a  gate  enlightened  by  the  fun  conveys  a  clear 
idea  of  both.  ( lllufi rated  by  the  Orrery .) 

The  earth  is  a  moon  to  the  moon,  waxing  and  waning 
as  ftie  does';  it  appears  13  times  as  large  to  the  lunarians 
as  the  moon  does  to  us,  affording  them  both  an  ufefui 
and  an  amazing  fpe&acle,  for  its  continents  and  feas  may 
be  plainly  perceived  by  them,  as  well  as  its  rapid  motion 
round  its  axis.  (Proved  by  the  Orrery ,) 

The 
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The-  planets  as  well  as  their  fatellites  being  enlightened 
hy  the  fun ,  mull  call  fioadows  towards  that  part  of  the  hea¬ 
vens  oppofite  to  the  fun.  Was  the  earth  bigger  than  the 
fun,  its  fhadow  would  fprea'd  and  extend  far  beyond  ’the  . 
orbit  of  Mars,  and  confequently  eclipfe  him ,  for  he  is  but 
42  millions  of  miles  from  the  earth,  when,  they  are  in 
conjunction  ;  but  the  earth’s  fhadow  never  reaches  him, 
therefore  it  muft  end  in  a  point  much  fhort  of  that  dif- 
tan.ce  another  proof  how  much  the  fun  is  bigger  than 
the  earth :  But  the  moon  is  eclipfed  when  fhe  falls 
into  the  earth’s  fhadow,  which,  for  the  reafons  above, 
can  never  happen  but  when  fhe  is  at  the  full,  becaufe 
that  is  the  only  time  when  fhe  is  oppofite  to  him  ;  but 
was  fhe  a  luminous  body  fire  could  not  be  darkened  by  the  . 
earth’s  fhadow.  (  Proved  by  a  real  fun  and  moon.) 

f 

The  fun  is  eclipfed  when  the  moon  paffes  diredtly  be¬ 
tween  him  and  any  part  of  the  earth  ;  this  can  only  hap¬ 
pen  at  the  change  of  the  ?noon.  (  Proved  in  like  manner .) 

i  A 

.  \ 

Was  the  moon’s  orbit  in  the  plane  ot  the  earth’s  path 
round  the  fun,  fne  would  be  eclipfed  every  time  fhe  came 
to  the  fully  and  would  eclipfe  the  fun  every  time  file  came 
to  the  change  ;  but  one  half  of  her  orbit  is  on  the  north  fids 
of  the  ecliptic,  and  the  other  half  on  the  fiouth  fide  of  it, 
and  mufl  therefore  cut  the  ecliptic  in  two  oppofite  points 
called  the  moon's  nodes.  The  angle  of  this  orbit  with  the 
ecliptic  is  5  degrees  and  one-third.  (Shewn  on  the  Orrery ,) 

When  the  moon  is  at  full,  above  12  degrees  from  either 
of  thefe  nodes,  fhe  paffes  clear  of  the  earth’s  fhadow,  and 
cannot  be  eclipfed ;  and  when  fhe  changes  above  18  de¬ 
grees  from  either  of  them,  flue  paffes  either  above  or  below 
the  fun,  and  therefore  cannot  eclipfe  him  :  But  if  (lie  be 
at  full  or  change  within  thofe  diftances,  then  an  eclipfe 
happens,  and  if  fhe  be  in  the  node,  the  eclipfe  is  central* 

( Explained  by  the  Orrery, ) 
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If  thefe  nodes  kept  always  in  the  fame  figns  of  the  eclip¬ 
tic,  the  fun  and  moon  would  always  be  eclipfed  in  the 
fame  places  and  at  the  fame  time  every  year ;  —  but  the 
eclipfes  fall  back  every  year  from  the  eaft  to  the  weft,  in 
inch  a  manner  as  to  prove  that  the  moon’s  orbit  moves 
backwards  19  degrees  one-third  every  year,  fo  that  in  18 
years  and  225  days  there  is  a  period  or  reftitution  of  the 
fame  eclipfes  ;  and  they  then  appear  in  the  fame  places 
and  the  fame  time  as  before.  ( Illujl rated  by  the  Orrery . 

The  earth  and  moon  are  chained  to  one  another  as  it 
were  by  their  mutual  attraction ,  which,  like  the  fun  and 
planets,  is  in  proportion  to  their  quantities  of  matter.  If 
an  heavy  and  light  ball  be  tied  to  the  two  ends  of  a  firing 
a  yard  long,  and  toiled  up  into  the  air,  they  will  form  to 
themfelves  a  centre  of  gravity.  On  this  centre  of  gravity 
the  earth  and  moon  revolve  in  equilibria ,  and  its  diftance 
from  their  centres  is  inverfely  as  their  quantities  of  matter, 
viz.  6000  miles  from  the  earth’s  ;  confequently  the  centre 
of  gravity  forms  the  real  orbit ,  and  makes  the  earth  12000 
miles  nearer  the  fun  at  the  time  of  full  moon ,  than  at  the 
time  of  change.  This  is  demonftrable  by  the  fun's  appear¬ 
ing  fo  much  larger  at  the  full  than  at  the  change  of  the 
moon.  ( Proved  by  the  whirling  tables.) 

The  further  any  part  of  the  earth  is  from  this  centre  of 
gravity,  the  greater  is  its  tendency  to  fly  off  in  a  tangent,— 
therefore  th e  fide  of  the  earth  which  is  turned  away  from 
the  moon  has  a  greater  centrifugal  motion  than  its  centre 
has  :  And  this  centre  a  greater  than  the fide  next  the  moon. 
At  the  earth’s  centre ,  the  moon’s  attraction  balances  the 
centrifugal  force,  but  muft  be  f  ranger  than  the  centrifugal 
force  of  the  fide  of  the  earth  next  her ,  and  weaker  than  the 
centrifugal  force  of  the  fide  jarthejt  from  her .  As  the  moon  s 
attra&ion  is  greater  than  the  centrifugal  force  on  that  fide 
of  the  earth  next  the  moon,  of  courfe  the  tide  will  rile  on 
that  fide  :  But  as  the  centrifugal  force  on  the  oppoute 
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fide  is  greater  than  the  moon's  attraction,  the  tide  will  alfc* 
rife  oh  that  fide  ;  hence  the  reafon  of  two  tides  in  25  hours. 

( Proved  by  the  tide  table), 

*  ,  *  .  • 

The  fun  agitates  the  water  in  proportion  to  the  moon 
as  3  to  10  ;  therefore,  when  the  fun  and  moon  draw  in  the 
fame  direction ,  they  caufe  a  fpring  tide ,  and  this  happens 
at  the  change  of  the  moon.  If  the  earth  had  no  moon,  the 
fun  would  caufe  a  [mail  tide  in  its  oceans,  therefore  at  the 
full  of  moon  fpring  tides  happen  as  well  as  at  the  change, 
for  the  fun’s  centrifugal  tide  being  reinforced  by  the  moon’s 
attraction,  and  the  moon’s  centrifugal  tide  by  the  fun’s  at¬ 
traction,  fpring  tides  happen  both  at  full  and  change  of  the 
moon  ;  but  at  the  quarters  when  they  attract  in  contrary 
directions,  they  deflroy  the  effects  of  each  other  in  a  degree, 
and  then  we  have  neap  tides.  At  the  equinoxes  the  fun  and 
moon  being  both  on  or  near  the  equator,  their  attraction  is 
more  in  a  line  than  at  moft  other  feafons,  hence  the  prodi¬ 
gious  tides  which  generally  follow  thefe  feafons.  A  planet 
alfo  falling  in  conjunction  with  the  fun  and  moon,  will  in¬ 
crease  the  tides  hill  more.  ( Shewn  by  the  tide  tables.) 

-  _  1  (  . 

The  air  being  a  fluid  much  lighter  than  water,  is  more 
affected  by  the  moon’s  attraction ;  and  we  find  that  people 
difordered  in  their  fenfes  are  much  worfe  when  the  fpring 
tides  are  in  the  air,  which  tides  are,  as  in  the  other  ele-  . 
ment,  at  the  full  and  change  of  the  moon. 

To  the  inhabitants  fituated  at  a  confiderable  diftance 
from  the  equator,  the  different  parts  of  the  ecliptic  rife  at 
very  different  angles  with  the  horizon.  In  northern  lati¬ 
tudes,  the  figns  Pifces  and  dries  rife  with  the  fmallejl 
angles ;  Virgo  and  Libra  with  the  greatejl\  therefore  when 
the  moon  is  in  Pifces  and  dries  fhe  muft  rife  nearly  at  the 
fame  hour  for  fix  or  feven  days  together.  In  winter  the 
moon  is  in  thofe  figns  about  the  time  of  her  firft  quarter, 

M  but 
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but  as  (he  mud  then  rife  about  noon9  that  rifing'  is  not  ta~- 
ken  notice  of.  In  fipring  the  moon  is  in  them  about  her 
change ,  but  as  (he  then  gives  no- light ,  her  rifing  is  alfo  urn- 
noticed.  In  Jummer  {he  rifes  in  Pi  fees  and  Aries,  about 
her  third  quarter ,  but  at  twelve  o  clock  at  night,  confe- 
quently  the  phenomenon  is  feldom  then  regarded  ;  but  in 
autumn  thofe  figns  are  oppofite  to  the  fun,  and  therefore 
the  moon  muld  be  full  in  them,  and,  very  ufefully  for 
the  farmers,  rifes  in  their  harveft  immediately  after  fun- 
fet  for  feveral  evenings  together,  and  thence  acquires  the 
name  of  the  harveft  moon .  ( Proved  by.  the*  Orrery  and 

Globe.) 

» 

LECTURE  XII. 

A  S  T  R  0  N  O  M  r. 
*TpILE  planets  are  retained  in  their  orbits  by  the  power 
of  gravity  * — but  as  the  fun  is  by  far  the  larged  body 
in  our  fydem,  if  no  other  power  adted  on  them  they  would 
be  drawn  down  to  the  fun All  bodies  therefore  that  move 
in  curves,  as  the  planets  do  round  the  fun,  mud  be  adted 
upon  by  two  principles ;  and  motion  being  rectilineal ,  we 
fuppofe  the  Almighty  gave  each  planet  this  kind  of  impulfe 
at  its  creation,  fo  that  between  one  power  drawing  to  the 
centre ,  and  another  acting  perpendicular  to  it the  planets 
are  impelled  in  eliptic  orbits  round  the  fun,  as  a  pebble 
tied  to  a  mill-done,  and  thrown  from  the  hand,  would  re- 

i  •  / 

volve  round  the  mill-done.  An  idea  of  this  is  given  by  a 
ball  impelled  fingly  in  a  fquare  in  two  diredtions,  one  per¬ 
pendicular  to  the  other  ;  when  both  udt  they  give  the  du 
agonal  of  the  fquare,  &c. 

Our  fydem  mud  be  conceived  as  within  the  concave 
fphere  feeming  to  be  formed  by  the  fixed ftars ,  and  the  fun 
as  near  the  centre  of  it,  an  huge  globe  of  fire,  near  a  mil¬ 
lion  of  miles  in  diameter,  and  near  too  millions  of  miles 

from 
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rfrorn  the  earth,  according  to  calculations  made  from  the 
'tranfits  of  Venus.— He  turns  round  on  his  axis  in  25  days 
and  8  hours,  as  may  be  feen  by  fpots  on  his  face  ;  and  was 
no  doubt  intended  to  give  light,  heat,  and  vegetation  to 
'the  fix  primary  and  ten  fecondary  planets  which  revolve 
round  him. 

All  thefe  planets  move  round  the  fun  from  weft ,  by 
- fou-tb ,  to  eaft,  in  orbits  nearly  circular,  and  almoft  in  the 
fame  plane.  The  comets  move  in  all  manner  of  directions, 
in  orbits  which  are  very  long  ellipfes,  much  inclined  to 
,one  another,  and  to  the  orbits  of  all  the  planets.  The 
tails  of  comets  are  only  thin  vapours,  for  if  they  were  flame 
no  ftar  could  be  feen  through  them. 

The  time  in  which  any  planet  goes  round  the  fun,  is  the 
length  of  its  year ,  and  the  time  in  which  it  turns  round  on 
jts  axis,  is  the  length  of  its  day  and  night  taken  together,  as 
,1'eprefented  on  the  Orrery. 

The  neareft  planet  to  the  fun  is  Mercury  \  he  goes  round 
him  in  87  days  23  hours,  is  about  3000  Englifh  miles  in 
diameter,  and  diftant  from  the  fun  42  millions  of  miles ; 
he  moves  in  his  orbit  about  joo  thoufand  miles  every 
hour ;  the  length  of  his  days  and  nights  are  unknown, 
being  but  56  times  the  fun’s  apparent  diameter  from  him, 
he  fets  and  rifes  too  near  the  fun  for  any  obfervations  to  be 
made  of  his  fpots.  » 

Venus  goes  round  the  fun  in  224  days  17  hours,  her 
diameter  is  near  7,900  miles,  her  diftance  from  the  fun  is 
79  millions  of  miles,  her  hourly  motion  in  her  orbit  is  69 
thoufand  miles,  and  fhe  turns  round  on  her  axis  in  24  days 
8  hours  of  our  time.  By  her  axis  inclining  75  degrees 
from  a  perpendicular  to  her  orbit,  file  has  two  fummers 
and  two  winters  at  her  equator. 


Her 


[  H  3 

Her  orbit  alfo  deviates  three  one-half  degrees  from  the 
plane  of  the  ecliptic,  fo  that  fhe  has  two  nodes,  or  places 
where  fhe  crofies  the  ecliptic,  one  in  the  14th  degree  of 
Gemini,  and  the  other  in  the  14th  of  Sagittarius,  if  the 
earth  happens  to  be  in  thofe  figns  when  Jhe  is,  then  we  fee 
her  tranfit  over  the  fun’s  face,  a  phenomenon  wnich  hap¬ 
pened  the  1  ft  of  April  1761*  and  gave  the  aftronomers 
the  opportunity  of  calculating  the  fun  s  parallax  (viz. 
7^4 o/J/ )  and  of  confequence  his  diftance,  as  well  as  that 

of  the  planets. 

The  earth  is  the  next  planet  in  the  order  of  the  fyftem. 

Mars ,  ftill  higher  in  the  fyftem,  is  167  millions  of  miles 
diftant  from  the  fun,  moves  at  the  rate  of  47,000  miles 
an. hour,  goes  round  the  fun  in  678  days,  and  turns  round 
on  his  axis  in  23  hours  39  minutes  and  22  feconds,  at  a 
medium,  according  to  Mr.  Herfchall  s  obfervations,  on  a 
fpot  on  the  face  of  Mars  ;  though  he  obferves  his  motion 
not  to  be  regular.  He  is  about  one-fifth  as  large  as  our 
earth;  his  red  appearance  is  occafioned  by  a  grofs  thick  at- 
mofphere  with  which  he  is  furrourided,  and  which  is  fup- 
pofed  to  fupply  his  want  of  a  moon. 

Jupiter ,  the  largeft  of  the  planets,  is  570  millons  of 
miles  diftant  from  the  fun,  and  above  400  millons  from 
our  orbit ;  he  moves  round  the  fun  in  about  12  years  of 
our  time,  at  the  rate  of  30,000  miles  per  hour;  he  is  near 
90,000  miles  in  diameter  (i.  e.  near  1000  times  as  large  as 
our  earth)  is  accompanied  by  four  moons,  fome  bigger 
and  fome  lefs  than  the  earth,  which  revolve  round  him 
as  our  moon  does  round  us ;  and  the  faint  fubftanees  on 
his  face,  called  his  belts,  are  fuppofed  to  be  parts  of  his 
atmofphere  drawn  into  lines  by  his  exceeding  quick  revo¬ 
lution  on  his  axis,  which  is  once  in  9  hours  49  mi¬ 
nutes. 


Saturn^ 
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Saturn ,  the  fecond  in  magnitude,  and  hitherto  confi- 
dered  the  mod  didantof  all  the  planets,  is  949  millions  of 
miles  from  the  fun; — near  70,000  miles  diameter; — 
moves  at  the  rate  of  x 8,000  miles  per  hour, — but  is  too 
remote  for  his  fpots  to  be  leen.  He  is  equipt  with  five 
moons ,  betides  a  broad,  luminous  ring  which  alfo  reflects  the 
fun’s  light  ftrongiy  upon  him.  This  planet  is  near  30  of 
our  years  in  making  his  revolution  round  the  fun. 

The  Georgium  fidius  (or  rather  the  Herfhall )  fo  called 
by  its  ingenious  and  indefatigable  difcoverer  Mr.  Herfhall ; 
was  firth  difcovered  near  one  of  the  feet  of  Gemini  ;  its 
year  is  calculated  to  be  82  {  of  ours,  its  didance  twice  that 
of  Saturn  from  the  fun,  and  its  fize  100  times  as  large  as 
our  earth. 

Thefe  calculations  are  the  lated  and  mod:  accurate  that 
have  been  made;  they  are  given  in  round  numbers,  to 
cafe  the  memory  ;  and  are  founded  on  mathematical  as 
well  as  occular  certainty. 

By  an  attempt,  at  tjie  fame  kind  of  calculatioh  to  find 
the  diflance  of  the  fixed Jlars ,  ’twas  found  that  the  whole 
diameter  of  the  earth's  orbit  would  not  make  a  parallax  or 
angle  with  the  nearejl  of  them  !  Their  didance  therefore 
mud  be  inconceivably  great.  Light  diminifhing  as  the 
fquares  of  the  didances  increafe,  the  fun’s  rays  therefore 
cannot  enlighten  the  fixed  dars  ;  and  a  telefcope  which 
magnifies  400  times  does  not  fenfibly  magnify  them;  ’tis 
therefore  highly  probable  they  are  funs  like  ours,  fhine  by 
their  own  unborrowed  ludre,  were  not  intended  for  our 
fervice,  but  to  give  light,  heat,  &c.  to  fydems  of  worlds 
of  their  own,  formed  probably  for  the  fame  purpofes  as 
ours,  though  too  remote  for  our  eyes  abided  by  the  bed 
glades  to  perceive.  We  find  the  worlds  of  our  fydem 
covered  with  continents ,  feas ,  hills,  &c.  Who  can  doubt 
Jtherejbre  but  they  are  inhabited,  as  well  as  all  the  worlds 

of 
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•of  the  other  fyftems  ?  How  much  too  big  is  this  idea  for 
the  human  imagination  !  By  the  late  improved  telefcopes 
thirty  thoufand  of  thefe  funs  have  been  found  more  than 
the  naked  eye  can  perceive  !  ---  were  our  glafies  hill  better, 
we  fhould,  no  doubt,  find  more  —  his  not  improbable 
there  may  be  ftars  fo  diftant  that  their  light  has  not  reached 
the  earth  fince  the  creation.  Many  of  thofe  ftars  appear 
double,  and  coloured  green,  blue,  red,  violet,  ;&c. 

Let  us  on  the  wings  of  imagination  then  launch  into 
•the  immenfity  of  fpace,  and  behold  Jyflem  beyond  fyjlern , 
above  us ,  below  us>  to  the  eaft,  the  zveji^  the  norib ,  the 
fouth  !  Let  us  go  fo  far  as  to  fee  our  fun  but  a  ftar  among 
the  reft,  and  our  fyftem  itfelf  as  -a  point,  and  we  fhaH 
but  even  then  find  ourfelves  on  the  confines  of  creation  1 
How  inadequate  then  muft  be  the  utmoft  liretch  of  human 
faculties,  to  a  conception  of  that  amazing  Deity  who 
made  and  governs  the  whole  !  Should  not  the  narrow 
prejudices,  the  litflenefs  of  human  pride  foften  into  hu* 
mility  at  this  thought  ? 


E  X  P  l  A- 


explanation 

•  t 

Of  fuch  uncommon  Words  as  cannot,,  without 
affectation,  be  omitted  in  this  Course, 


AB  S  0  R  B,  to  drink  in. 
Acid ,  lour. 

Accelerated,  haflened,  hurried 
forward. 

Accumulate ,  to  heap  up. 
Adhepon ,  the  (ticking  together. 
Affinity ,  related  to,  having  an 
affection  for. 

Alkali ,  fixed  fait,  or  fubflan- 
ces  fermenting  with  acids. 
Analogy ,  likenels,  proportion. 
Apparatus ,  inflruments  for  ex¬ 
periments. 

Attraction ,  a  drawing  together. 
^.v«,_an  axle  on  which  any  thing 
turns. 

C 

Capillary ,  final!  as  an  hair. 

Calcs ,  the  earth  or  cinders  of  a 
metal. 

Centrifugal ,  a  direction  given  to  a 
body  different  from  that  in 
dining  to  the  centre. 
Centripetal,  tending  towards  the 
centre. 

Coheft  on ,  clinging  or  flicking 
together. 

Collateral ,  lying  fide  by  fide. 
Comprefsy  to  fqueeze  together. 
Concave ,  fpherically  hollow. 
Co.ndenfe ,  to  bring  the  parts  of 
matter  dole  together. 
Contact,  touching  each  other. 
Convex,  fwelling  fpherically 
outwards. 

Converge %  to  draw  towards  a 
point. 


Cry  ft  a!  liz  at  ion,  falts  (hooting 
into  their  ufual  forms. 

Cylinder,' like  a  rolling  Hone. 

D 

Denfty,  compadnefs,  clofenels. 

Diagonal,  the  line  running  be¬ 
tween  oppofite  corners  of  a 
fquare. 

Diverge ,  to  fpread  out. 

E 

Ebullition ,  a  bubbling  like  boil¬ 
ing  water. 

Elafiic,  having  a  fpring. 

Electrometer ,  an  ele&rical  gage. 

Effervejcence ,  a  ferment  or  dis¬ 
charge  of  fixed  air,  a  waxing 
hot. 

Ellipses,  an  oval  line  or  furface* 

F  •> 

Fibre ,  a  final  1  filing. 

Flaccid ,  lax,  loofe,  or  flabby. 

Fulcrum,  a  prop  or  point  of 
fupport. 

Frigorific,  chill,  or  caufing  cold'. 
G 

Gravity,  weight,  or  the  ten¬ 
dency  one  body  has  to  another. 
H 

Hemifphere ,  half  a  globe. 

Hermetically  fealed,  tube  fealed 
with  melted  glafs. 

Hypothefs,  a  fuppofition. 

I 

fmmerfe,  to  dip  or  plunge  in. 

Impels  to  drive  onwards. 

Incomprejfble ,  not  to  be 

fqueesed  into  lefs  compaf^ 

Inti* 
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Incidence,  a  falling  or  lighting 
on 

Infulate ,  to  cut  off,  like  an  ifland 

Interflices ,  intervals,  or  inter¬ 
mediate  (paces. 

L 

Lateral,  fideway. 

Longitudinal ,  length  wife. 

M 

Medium,  a  means  of  conveyance. 

Momentum,  the  moving  force  of 
a  body. 

O 

Oblique,  crooked,  inclining. 

Orbit,  the  track  defcribed  by  a 
planet  round  the  fun. 

P 

Particles ,  exceeding  fmall  parts. 

PercuJJion,  (hiking,  or  the  effedts 
of  a  flroke. 

Perforate,  to  bore  through. 

Piflon,  a  moveable  plug,  juft  fit¬ 
ting  a  pipe. 

Phenomenon,  an  appearance  in 
nature. 

Phlogiflon,  the  principle  of  in¬ 
flammability  in  bodies. 


Reverberate ,  to  beat  back,  to 
echo. 

Rotation,  returning  about. 

$ 

Saturation ,  abforption,  drinking 
in,  See. 

Secrete ,  to  feparate. 

Senforinm ,  the  feat  of  perception 
in  the  brain. 

Solution,  a  folid  diifulved  in  a 
fluid. 

Species ,  fort  or  kind. 

Specific ,  peculiar,  bulk  for  bulk 

Spiral,  like  a  rope  coiled  round. 

Subterraneous ,  within  the  earth. 

Sublimation,  difliliation  of  dry 
fub  fiances. 

Syphon,  a  bent  tube,  or  crane. 

Syflem,  compofing'  a  general 
flrudture. 


Pores,  fmall  interflices  in  bodies. 


Preponderate , 
heavier. 


to  defeend,  be 


Tangent,  a  fhaight  line  touching 
the  circumference  of  a  circle. 

Tangible ,  capable  of  being  felt 
or  handled. 

Tenacity ,  a  clinging  together. 

Tenfion ,  a  firetching  out. 

7"  ran  fit,  the  pafling  of  a  planet 
before  the  face  of  another,  or 
the  fun. 


Projectile,  a  body  in  motion,!  Tube,  a  pipe.  V 


call  or  thrown. 

R 

Rarefy,  to  thin,  to  make  denfel 


Vacuum,  a  fpace  devoid  of  air. 
Valve ,  a  trap  door,  letting  a  fluid 
come  thro’  but  not  return. 


matter  weaker.  I  Velocity,  the  moving  fpeed. 

Refleflion,  rebounding  back,  re-| Vertex,  the  point  at  the  top  of 
turning.  j  any  thing. 

Reciprocal,  mutual,  relative.  J Vibrate ,  to  fwing  as  a  pendulum. 
Refrafl,  to  incline,  or  break.  {Undulating,  moving  in  waves. 
Refervoir ,  a  ciflern,  or  head  for  .Volatile,  fubjedl  to  evaporate  or 


a  referve  of  water. 


fly  off. 


FINIS. 


